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1.  INTRODUCTION 


Reduction  of  visibility,  or  transmission  of  visible  radiation,  is  due  to  scattering 
and  absorption  by  atmospheric  partides  and  gases.  Usually  the  visible  light  extinction 
due  to  gases  is  small  compared  to  that  by  fnrtides.  The  light  extinction  due  to 
scattering  and  absorbing  partides  is  dependent  on  t}»  partide  size,  shape  and  its 
refractive  index.  If  a  particle  size  and  refractive  index  is  known,  and  it  is  assun^  to  be 
spherical  then  the  particle  light  extinction  can  be  calculated  through  the  Mie  Theory 
(van  de  Hulst,  I957(^)). 

The  optical  properties  of  the  partides  are  deperulent  upon  their  composititnL 
Consequently,  the  properties  of  the  aerosol  neatly  influence  their  dnlity  to  reduce 
human  or  electronic  vision.  Therefme  to  undrnstand  and  model  the  viability  and  the 
propagation  of  visible  radiation,  the  behavior  and  composition  df  the  aerosols  must  be 
known. 


1.1  Related  Reports 

This  report  is  one  of  the  summary  reports  presenting  the  results  from  the  past 
four  years  of  research  as  part  this  ctmtiacL  Other  summary  reports  indude  die 
Organizationf  Access,  and  Explwathn  Facilities  for  Large  Ge&phyaced  Dcaabases 
(September  22,  1989)  and  Visibility  Data  Filters  for  Europe  (Aftfil  14,  1990). 
Additional  summary  reports  will  indude  presentation  tA  the  haze  dimate  ci  North 
^erica  and  Europe,  and  a  corresponding  database  to  be  used  as  irqmt  to  the  radiatum 
transmission  models.  In  addition  to  the  extinction  ooeffidents  for  Noidi  America  and 
Europe  this  last  report  will  also  contain  the  appordooment  dt  the  extinctkHi  oodffident 
by  aerosol  types.  These  aerosol  types  are  derived  from  the  results  of  this  report 

1.2Rarpose 

The  purpose  of  this  study  is  two  fold.  1%^  aerosol  data  from  two  networks 
which  sampled  aerosols  in  rural  locatitms  in  the  U.S.  are  analyzed  and  inu^rated.  Then 
the  fine  aerosol  rnass  for  both  networks  is  apportioned  into  aerosol  types  whidi  should 
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be  suitable  for  the  creation  of  extinction  budgets,  i.e.  apportionment  of  total  light 
extinction  into  contributions  from  different  aerosol  source  types. 

1,3  Background 

A  significant  amount  of  work  has  been  done  on  the  properties  of  aerosols  and 
their  compositions.  From  this  work  a  number  of  regular  features  have  been  found. 
Whitby,  Husar  and  Uu  (1972(2))  found  that  most  aerosols  have  a  bi-modal  size 
distribution.  This  distribution  has  a  fine  mode  centered  at  about  0.3  fm  and  a  coarse 
mode  centered  between  5  and  30  ;oti.  These  two  modes  are  usually  unrelated,  having 
different  compositions,  sources,  and  lifetimes  (EPA  1979(3)). 

It  has  been  determined  that  the  fine  particles  are  generally  made  up  of 
secondary  and  primary  particles  (Whitby  et  al.,  1972(2);  EPA,  1979(3)).  Secondary 
particles  are  formed  through  a  gas  to  particle  transformation  that  takes  place  in  the 
atmosphere.  This  is  a  common  source  for  much  of  the  sulfates,  particulate  organics,  and 
ammonium  compounds.  Primary  particles  are  directly  emitted  from  combustions, 
industrial,  and  natural  sources.  Fine  particles  have  a  slow  removal  mechanism  and  can 
travel  large  distances  (Patterson  et  al.,  198l(^);  Clarke  et  al.,  1983(3)). 

Coarse  particles  usually  are  derived  from  primary  emission.  They  generally  have 
a  short  residence  time  in  the  atmosphere  settling  out  within  hours  or  less  (Husar, 
199l(^)).  In  urban  centers  coarse  particle  are  a  result  of  both  anthropogenic  and 
natural  sources.  Due  to  the  short  residence  time  of  coarse  particles,  anthropogenic 
sources  contribute  little  to  the  coarse  aerosol  mass  in  rural  areas.  The  primarily  source 
in  these  areas  is  soil  dust  (NAPAP,  199l(^)). 

Many  investigations  have  shown  that  the  fine  particles  are  the  chief  contributors 
to  light  extinction.  In  a  study  in  Los  Angeles  White  and  Roberts  (1976(8))  found 
excellent  correlation  between  light  extinction  and  fine  particle  mass.  Using  Mie 
calculations,  Charlson  et  al.,  (1978(^))  showed  that  particles  with  a  diameter  between 
0.1  and  1  im  are  the  most  efficient  light  scatters.  For  this  reason,  the  determination  of 
the  sources  of  fine  aerosol  mass  and  the  apportionment  of  this  mass  into  aerosol  types 
has  received  much  attention. 
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By  apportioning  the  aerosol  into  its  source  types  the  light  extinction  due  to  each 
aerosol  type  can  be  determined.  The  total  light  extinction  would  then  be  the  sum  of  the 
apportioned  light  extinaion,  this  is  known  as  an  extinction  budget.  (NAPAP,  199l(^); 
Ouimette  and  Flagan  1982(^0);  Priedlander,  1977(1  i)).  However,  the  legitimacy  of  the 
extinction  budget  is  dependent  on  how  the  aerosol  is  apportioned.  As  noted  by  White 
(1986(13)),  the  light  extinction  contributed  by  distinrt  particles,  externally  mixed 
species,  are  additive,  but  the  light  extinction  contributed  by  distinct  chemical  fractions 
within  a  single  particle,  internally  mixed  species,  are  not  additive. 

Most  particles  contain  a  number  of  chemical  species  internally  mixed. 
Consequently,  partitioning  the  extinction  into  the  contribution  by  each  aerosol  species 
will  be  in  error  (NAPAP,  1991(7)).  These  errors  can  be  reduced  by  lumping  together 
chemical  species  which  are  known  to  be  internally  mixed.  For  example,  ammonium  is 
usually  grouped  with  another  chemical  species  such  as  sulfate  or  nitrate  (White, 
1986(12)). 

The  aerosol  can  be  apportioned  into  aerosol  types  by  various  means.  One 
method  is  to  determine  the  particulate  loading  at  a  location  from  the  major  air  pollution 
sources.  Once  the  loading  from  each  source  is  known,  the  aerosol  types  can  be 
established  though  emission  inventories.  This  has  the  added  benefit  of  being  able  to 
estimate  changes  in  the  aerosol  types  by  changes  in  emissions. 

There  are  several  methods  to  determine  the  source  of  aerosols  from  a  particular 
location,  known  as  receptor  models.  Priedlander  developed  one  of  the  first  models 
known  as  chemical  mass  balance,  CMB,  (Priedlander  1977(11),  White,  1991(13)).  This 
is  a  simple  and  straight  forward  method  which  can  be  applied  to  individual  ambient 
samples.  It  uses  chemical  tracers,  measured  at  a  particular  location,  and  emission 
inventories  from  the  major  local  sources  to  partition  the  fine  mass  into  source 
contributions. 

Factor  analysis  is  a  more  flexible  apportioning  scheme  which  can  be  used  when 
multiple  data  samples  are  available  (Hopke,  1985(14);  Hwang  et  al.,  1984(13)).  Instead 
of  having  to  determine  the  tracer  species  a  priori  as  in  CMB,  factor  analysis  determines 
them  through  the  data.  Thus  it  can  be  used  to  check  and  refine  tracers  used  in  a  CMB. 
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Factor  analysis  determines  the  tracers  based  on  the  concept  that  two  aerosol  species 
from  the  same  source  should  correlate  well  together  (White,  1991(13)). 

A  problem  with  CMB  and  factor  analysis  is  that  they  do  not  account  for 
secondary  species  or  aerosol  growth  due  to  water.  This  can  lead  to  a  large  fraction  of 
the  fine  mass  going  unaccounted  for  (White,  1986(1^)).  However,  secondary  aerosols 
can  be  taken  into  account  by  estimating  their  total  mass  from  measured  data. 
(Friedlander,  1977(11);  Dzubay,  1980(1^))  The  sources  of  the  gases  from  which  the 
species  came  are  not  identified. 

Linear  regression  is  a  receptor  model  which  can  take  into  account  the  secondary 
particles  and  growth  of  particles  due  to  water  condensation  during  transport  (Belsley  et 
al.,  1980(17);  Kleinman,  1980(18)).  This  method  works  by  estimating  coefficients  of 
independent  and  dependent  variables,  tracers,  in  a  linear  relationship  using  multiple 
data  samples. 

All  three  of  these  methods  rely  on  tracers  to  identify  sources  and  be  scaled  up  to 
the  sources  mass  contribution  to  the  aerosol.  To  have  reliable  results  these  chemical 
tracers  must  be  stable  and  measurable  species.  In  many  wilderness  areas  and  national 
parks  the  concentrations  of  these  tracers  are  often  below  the  detectable  limits  of  the 
measuring  instruments  (White,  1991(13)).  This  can  greatly  hinder  the  attempts  at 
correctly  determining  the  sources  and  species  of  the  aerosol. 

If  only  the  aerosol  types  need  to  be  determined,  then  there  is  an  alternative  to 
receptor  modeling.  The  gross  features  of  a  mass  apportionment  can  be  estimated  from 
chemical  data  by  assuming  that  there  are  certain  aerosol  types  that  dominate  the 
aerosol  mass.  A  common  chemical  element  in  the  aerosol  type  that  is  measured  from 
the  sample  can  be  scaled  up  to  estimate  the  aerosol  types  mass.  An  example  would  be 
to  assume  that  one  dominate  aerosol  type  is  ammonium  sulfate,  and  all  sulfur  in  the 
aerosol  is  associated  with  ammonium  sulfate.  To  find  the  mass  of  the  ammonium 
sulfate  the  measured  sulfur  would  be  scaled  up  by  the  mass  ratio  of  ammonium  sulfate 
to  sulfur.  This  technique  has  been  used  in  many  studies  both  in  rural  and  urban  areas 
(Eldred  et  al.,  1990(19);  Poirot  et  aL,  1990(20);  White  and  Macias,  1990(21)). 

A  technique  which  reconstructs  the  fine  mass  through  linear  regression  can  also 
be  applied  to  obtain  the  major  aerosol  types.  This  method  has  the  advantage  that  no 
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prior  knowledge  or  assumptions  about  the  chemical  form  of  the  aerosol  types  is  needed. 
Using  data  from  Glen  Canyon,  AZ,  Sutherland  and  Bhardwaja  (1990(22))  partitioned 
the  fine  mass  into  aerosol  types  with  a  multivariate  regression  method. 

1.4  Scope 

The  report  covers  two  main  sections.  The  first  section  is  concerned  with  the  raw 
data.  Here,  the  time  trends  of  several  species  will  be  examined.  The  second  part  of  the 
report  apportions  the  seasonally  averaged  aerosol  data  into  aerosol  types.  This  will  be 
accomplished  through  a  process  which  assumes  that  the  aerosol  is  constituted  primarily 
by  several  aerosol  types.  The  aerosol  mass  for  each  type  is  found  by  scaling  up  certain 
chemical  species  which  are  assumed  to  be  associated  only  with  that  particular  aerosol 
type.  The  results  from  this  apportionment  are  then  compared  to  previous  studies.  Also 
the  spatial  and  temporal  variations  of  each  aerosol  type  for  the  U.S.  is  examined. 


5 


2.  DATABASE  DESCRimON 


This  study  was  conducted  using  two  data  bases  created  from  the  National  Park 
Service  *  National  Fine  Particle  Network  (NPS  -  NFPN)  (Eldred  et  al.,  1986(23))  anj 
the  Northeast  States  for  Coordinated  Air  Use  Management  (NESCAUM)  (Poirot  et  al., 
1990(20))  monitoring  networks.  The  locations  of  the  sites  in  each  network  were  chosen 
based  on  the  same  criteria.  However,  the  aerosol  samplers  used  and  the  time  periods  of 
collection  were  different. 

These  rich  databases  allow  the  spatial  and  temporal  trends  of  atmospheric 
aerosols  across  the  US.  to  be  analyzed.  The  large  number  of  aerosol  species  measured 
will  allow  many  meaningful  studies  to  be  conducted.  They  should  also  prove  to  be 
useful  in  the  near  future  to  help  in  monitoring  reduction  in  air  pollution  due  to  the 
Qean  Air  Act  of  1990.  This  section  describes  and  analyzes  the  data  from  these  two 
networks,  and  discusses  the  suitability  for  integration  into  one  national  data  set. 

2.1  NPS  -  NFPN  monitoring  Network 

The  NPS  -  NFPN  network  consisted  of  37  stations  located  across  the  continental 
U.S.,  Figure  1.  As  shown,  these  stations  were  located  primarily  in  the  western  U.S.  with 
five  sites  in  the  East.  All  samplers  were  located  inside  national  parks  and  wilderness 
areas  far  from  any  urban  centers,  industrial  sources ,  and  highways.  Inside  the  parks  the 
samplers  were  kept  away  from  roads,  parking  lots  and  chimneys. 

This  network,  which  began  operating  in  6/82,  originated  from  the  Western 
Particulate  Monitoring  Network  (WPMN)  which  operated  from  8/79  to  9/81.  The 
database  used  in  this  study  contains  some  data  from  the  WPMN  network.  Also  several 
stations  were  added  since  the  initial  establishment  of  the  NPS-NFPN  network. 
Consequently,  the  sampling  period  for  the  database  is  station  dependent.  The 
beginning  and  ending  dates  for  each  station  is  presented  in  Table  1.  Note  that  three 
stations,  Fort  Laramie  WY,  Yellowstone  WY,  and  Mount  Rushmore  SD,  have  data  only 
between  8/79  and  9/81,  and  the  three  stations,  Acadia  ME,  Voyageurs,  MN,  and 
Saquaro,  AZ,  operated  for  less  than  a  year. 
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i^igiire  1.  Sampling  cites  for  the  NPS-NFPN  and  NESCAUM  noBitoring  networks. 
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Table  1.  Data  cdlcTtion  time  apaa  for  eacb  atatioa  in  the  NFS  -  NFPN  network 


Station  Name 

Ekevatioa 

Begin 

End 

Latitude 

(ft.) 

(rad.) 

CRATER  LAKE  NP,  OR 

6500 

10/82 

6/86 

0.7484 

MOUNT  RAINIER  NP,  WA 

400 

6/83 

6/86 

0.8170 

USSEN  VOLCANIC  NP.  CA. 

900 

6/82 

6/84 

0.7010 

LAVA  BEDS  NM,CA 

800 

1/83 

6/86 

0.7280 

NORTH  CASCADES  NP.  WA 

400 

6/84 

6/86 

0.8472 

YOSEMITENP.CA 

5300 

9/82 

6/86 

0.6536 

DEATH  VALLEY  NM.  CA 

400 

6/82 

6/86 

0.6370 

JOSHUA  IREENM.CA 

4600 

6/82 

6/86 

0.5934 

LEHMAN  CAVES  NM.  NV 

6800 

6/62 

6/86 

0.6807 

GLACIER  NP.MT 

4500 

6/82 

6/86 

0.8465 

CRATERS  OF  MOON  NM.  ID 

5900 

6/82 

6/86 

0.7540 

BRYCE  CANYON  NP.  UT 

8000 

9/79 

6/86 

0.6557 

SAGUARONM.AZ 

3100 

6/85 

6/86 

0.5615 

GRAND  CANYON  NP.  AZ, 

800 

9/79 

6/86 

0.6295 

GRAND  TETON  NP.WY 

3100 

7/85 

6/86 

0.7624 

YELLOWSTONE  NP,  WY 

6300 

7/79 

9/81 

0.7840 

CANYONLANDSNP.UT 

5900 

7/79 

6/86 

0.6710 

CHIRICAHUANM.AZ 

5400 

6/83 

6/86 

0JS85 

DINOSAUR  NM.  CO 

6000 

9/84 

4 ''6 

0.7025 

BROWNS  PARK  NWR,  CO 

5500 

7/79 

7/84 

0.7121 

MESAV^tDENP.CO 

7200 

6/82 

^/86 

0X493 

CHACO  CULTURE  NHP.  NM. 

400 

9/79 

4/86 

0.6289 

BANDELIERNM.NM 

6500 

10/82 

'.85 

0.6254 

ROCKY  MOUNTAIN  NP.  CO 

7900 

9/79 

6  86 

0.7046 

GUADALUPE  MTNS  NP.  TX 

5400 

1/83 

6/86 

05561 

FORT  LARAMIE  NMS.  WY 

4300 

9/79 

9/81 

0.7355 

CARLSBAD  CAVERN  NP.  NM 

4400 

1/82 

1/83 

0.5615 

CAPULIN  MOUNTAIN  NM,  NM 

7300 

6/82 

6/86 

0A418 

ROOSEVELT  NMP/NORTH  ND 

2600 

7/79 

6/86 

08308 

WIND  CAVE  NP.SD 

4800 

6/82 

6/86 

0.7601 

MOUNT  RUSHMORE  NMP,  SD 

4100 

9/79 

9/81 

0.7659 

BIG  BEND  NP.TX 

3500 

6/82 

6/86 

08114 

VOYAGEURSNP.MN 

1100 

8/85 

6/86 

0.8478 

BUFFALO  NATL  RIVER.  AR 

1000 

1/84 

6/86 

0.6283 

GREAT  SMOKY  MTNS  NP.  TN 

2500 

1/84 

6/86 

0.6240 

SHENANDOAH  NP.VA 

3600 

6/82 

6/86 

0.6716 

ACADIA.  ME: 

400 

9/85 

6/86 

0.T744 

Longitode 

(rad.) 

-2.I41S 

•2.1241 

-2.1218 

-2.1206 

-2.120 

-2.0831 

-2.0394 

•2.0242 

•1.9935 

•1.990 

-1.9783 

-1.9580 

•1.9326 

-1.9577 

-1.9326 

•1.9272 

-1.9167 

•1.9060 

-1.9021 

-1.9019 

•1.8933 

•1.8834 

•1.8S58 

•1.8425 

•1.8267 

•1£239 

•1.8227 

•1.8146 

-1.8107 

•1.8061 

-1.8055 

-1.8006 

•1.6261 

•1.6158 

•1.4574 

•1.3634 

•1.1915 
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2.1.1  Sample  Collection 


Samples  were  collected  over  a  72  hour  duration  using  a  two  stage  stacked  filter. 
Two  samples  were  taken  each,  week.  The  filter  consisted  of  an  8  pm  pore  diameter 
Nuclepore  filter  followed  by  a  100%  efficient  .t  <  ’>hed  Teflon  filter  mounted  in  a 
plastic  filter  cassette.  The  inlet  of  the  an’r!'  *  ’  a  50%i  capture  efficiency  for 

particles  15  pm  in  diameter.  This  was  for  ati  ’VTltn  .rK)ut  10  liters  per  minute  into 
the  filter.  This  airflow  was  maintained  by  an  Aerr,  v'ironment  SFS-5(X)  unit.  In  1983 
Rockwell  International  performed  field  flow  aud>  ^  on  the  samplers,  and  found  that 
16%  of  the  samplers  had  differences  in  the  flow  w- eviration  exceeding  20%.  The  flow 
system  was  modified  in  1984  which  eliminated  this  pn  olem  (Hldred  et  al.,  1986v23)). 

The  aerosol  mass  is  separated  into  a  fine  and  coarse  mode  via  the  capture 
efficiency  of  the  first  filter.  This  filter  had  a  capture  efficiency  of  50%  for  particles  2.5 
^  in  diameter  at  normal  air  flow  rates.  The  first  filter  was  coated  with  Apiezon  L 
grease  to  reduce  both  particle  bounce  and  reentrainment.  All  filters  used  in  the  first 
stage  came  from  the  same  batch  of  precoated  filters  to  maintain  consistent  collection 
properties.  The  second  Teflon  filter  captured  all  of  the  fine  particles  that  passed  the 
first  filter.  This  filter  had  a  collection  area  1/4  that  of  the  first  stage.  This  was  done  to 
increase  the  sensitivity  of  the  analysis  technique. 

The  sampling  technique  proved  to  be  very  reliable  producing  about  92%  of  the 
possible  valid  samples.  Also,  intercomparison  with  other  samplers  showed  very  good 
accuracy  (Eldred  et.  al.,  1986(23)), 


2.1.2  Sample  Analysis 

All  analysis  was  conducted  at  the  University  of  California,  Davis  using  four 
nondestructive  techniques.  These  techniques  measured  the  fine  and  coarse  mass,  the 
fine  optical  absorption,  elements  from  sodium  to  lead,  and  hydrogen.  On  average,  there 
was  a  one  month  time  lag  between  sampling  and  analysis.  E>uring  the  time  lag  the  filters 
were  stored  in  the  plastic  cassettes  used  during  sampling. 

The  fine  and  coarse  mass  concentrations  were  measured  by  gravimetrically 
weighing  the  filters  on  a  Cahn  25  electrobalance.  The  filters  were  weighed  before  and 
after  sampling  the  aerosol  to  account  for  differences  in  mass  of  the  unused  filters.  The 
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uncertainty  in  the  acuwl  weighing  of  the  filters  was  about  2%.  Unfortuately  there  was  a 
large  uncertainty  added  to  this  measurement  due  to  a  mass  gain  acquired  by  a  filter 
stored  in  a  cassette.  Both  the  Nuclepore  and  Teflon  filters  experience  this  mass  gain. 
The  increased  mass  was  accounted  for  by  determining  the  mass  gain  m  unused  filters 
stored  in  plastic  cassettes  for  one  month.  It  was  found  that  the  Teflon  filter’s  mass 
increased  by  16  ug  and  the  nuclepore  filter  increased  by  10  ug.  The  uncertaintv  in  these 
mass  gains  increased  the  uncertainty  in  the  mass  measurement  to  about  4%  (Eldred  et 
al.,  1986-^)).  Note,  that  this  uncertainty  does  not  account  for  the  variation  in  flow  rate 
to  the  sampler.  Consequently  iht  actual  uncertainty  in  the  fine  mas:  concentration  will 
be  larger  than  4%.  Also,  the  composition  of  the  mass  gain  is  not  knc  vn. 

The  optical  absorption  measurements  were  made  only  on  the  Teflon  filters, 
collecting  the  fine  particle  mode  aerosol,  using  a  laser  integrating  plate  method,  IPM. 
This  analysis  was  not  conducted  on  the  data  until  1982.  Excellent  agreement  was  found 
between  a  comparison  of  this  method  and  a  photospectrometer.  The  minimum 
detectable  limit  for  this  measurement  was  determined  to  be  about  0.2*  10*^  m'^,  and 
the  uncertainty  was  around  7%  (Eldred  ct  al.,  1986(23)). 

Elemental  concentration  for  sodium  to  lead  were  measured  using  a  particle 
induced  x-ray  emission,  FIXE.  T  cisions  for  these  measurements  were  assessed  by 
reanalyzing  about  15  filters.  Piodsions  were  4%  for  sulfur,  6  -  10%  for  silicon, 
potassium,  calcium,  iron,and  zinc,  and  10  - 15%  for  copper,  lead,  and  bronude.  The 
reported  minimum  detectable  limits  for  the  elements  varied  between  2  ng/m3  for  sulfur 
and  0.5  ng/nP  for  selenium. 

Matrix  conections  were  made  for  each  element  due  to  absorption  of  some  of  the 
X-ray',  by  the  samples.  These  corrections  were  largest  for  light  elements  on  the  coarse 
filter.  It  was  estimated  that  for  coarse  silicon  30%  of  the  X-rays  were  absorbed,  but  for 
coarse  iron  only  5%  were  absorbed.  These  corrections  were  greatly  reduced  for  the  fine 
particles,  about  1%  for  both  fine  sulfur  and  iron  (Eldred  et  al.,  1986(23)), 

A  measurement  of  the  hydrogen  content  of  the  aerosol  using  a  proton  elastic 
scattering  analysis,  PESA,  was  added  to  the  analysis  of  the  samples  in  June  1984.  This 
measurement  was  conducted  only  on  the  fine  particle  mass.  The  minimum  detectable 
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limit  was  around  10  ng/m^ ,  and  precision  of  the  measurement  was  found  to  be  about 
15%(Eldredetal.,  1986(23)). 

This  network  is  no  longer  in  operation.  It  has  been  superseded  by  the 
IMPROVE  (Interagency  Monitoring  of  Protected  Visual  Environments)  monitoring 
network  beginning  in  1988. 

2.2  The  NESCAUM  Monitoring  Network 

The  NESCAUM  network  consisted  of  seven  stations  located  in  the  northeastern 
U.S.,  Figure  1.  These  sites  were  located  in  rural  locations  which  were  found  to  be 
consistent  with  EPA,  NPS,  and  IMPROVE  siting  criteria  (Poirot  et  al.,  1990(20)).  The 
data  used  h  this  study  were  collected  over  the  two  year  time  period  2/89  to  1/91.  This 
network  is  still  in  operation. 


2J.1  Sani|>>Ie  Collection 

Each  site  contained  two  samplers,  one  to  sample  for  PM-10  [articles,  and  the 
other  to  sample  fine  particles.  Additional  samplers  were  deployed  at  the  MOiitefaos  and 
Quabbin  sites  to  sample  for  organic  and  elemental  carbon. 

The  fine  particles  were  sampled  for  a  24  hour  duration  on  every  Wednesday, 
Saturday,  and  every  6th  day.  The  fine  particles  were  separated  from  the  bulk  aerosol 
using  a  U.  C.  Davis  cyclone  sampler,  and  collected  on  Teflon  filters  mounted  in 
Nuclepore  cassettes.  This  cyclone  had  a  50%  capture  efficien(^  for  particles  23  /on  in 
diameter  at  a  flow  rate  of  23  1/min.  The  flow  rate  was  maintained  using  a  critical 
orifice  between  the  filters  and  pump.  The  flow  rate  was  measured  before  and  after  the 
filter  by  two  independent  methods.  Third  party  audits  showed  that  the  uncertainty  in 
the  flow  rate  was  approximately  3%  (Flocchini  et  al.,  1990(2^)).  The  samplers  used  to 
collect  the  fine  organic  and  elemental  carbon  were  the  same  as  the  fine  particle 
samplers  except  two  pre-fired  quartz  filters  in  tandem  were  used  instead  of  the  Teflon 
filter. 
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7.13L  Sample  Analysis 


The  samples  containing  the  fine  mass  were  analyzed  by  the  U.  C.  Davis 
laboratory.  There  the  mass,  absorption,  hydrogen  «>ncentration  and  elemental 
concentrations,  sodium  and  heavier  elements,  were  analyzed  using  the  same  techniques 
as  th(Ke  used  for  the  NPS  -  NFPN  network. 

The  quartz  filters  were  analyzed  for  carbon  concentrations  by  the  Desert 
Researdi  Institute  (DRI)  using  the  thermal  optical  reflectance  method  (TOR).  This 
method  determines  the  contribution  to  carbon  mass  by  both  organics  and  elemental 
carbon.  Two  problems  arose  for  this  analysis  technique.  First,  large  and  variable 
artifacts  were  present  from  the  quartz  filters,  collection  process,  and  storage  in  the 
plastic  cassettes.  Quartz  filters  had  a  positive  organic  artifact  due  to  adsorption  of 
organic  gases  during  collection.  The  second  quartz  filter  in  the  tandem  pair  was  used  to 
estimate  the  total  artifact  Normally  the  adsorption  reaches  saturation  very  quickly. 
However,  some  of  the  samples  have  much  larger  artifact  concentrations  than  the 
average  which  increases  the  overall  uncertainty.  Corrections  for  this  artifact  causes 
large  precisions  and  minimum  quantiHable  limits  (MQL).  The  MQL  is  defined  as  twice 
the  uncertainty  for  zero  loading  on  the  filter.  The  MQL  was  about  530  ng/m^  for  the 
organic  carbon  and  145  ng/m^  for  elemental  carbon  (Eldred  et  al.,  1990(^^)) 

The  second  proUem  is  that  the  TOR  method  does  not  agree  with  other  methods 
on  vdiere  to  separate  the  organic  and  elemental  carbon,  bi  a  comparison  of  the  TOR 
and  thermal  manganese  dioxide  oxidation  method  (TMO),  using  data  from  the 
WHTTEX  study,  it  was  found  that  the  TOR  elemental  carbon  concentrations  were  five 
times  those  of  the  TMO.  However,  the  TOR  elemental  carbon  was  approximately 
equal  to  the  soot  concentrations  estimated  from  optical  absorption  (Eldred  et  al., 
1990(W)). 


2.3  The  Raw  Data 

The  meaningful  interpretation  of  aerosol  data  depends  strongly  on  the 
understanding  of  the  basic  characteristics  of  the  data.  This  is  best  accomplished  by 
examining  the  raw  data.  To  present  the  main  features  of  the  raw  data,  three  stations 
from  the  NPS*NFPN  network  and  two  stations  from  the  NESCAUM  network  for  four 
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aerosol  species,  fine  mass,  sulfur,  silicon,  and  lead  are  plotted  in  Figures  2-7. 
Superimposed  on  the  raw  data  is  a  heavy  Une  representing  the  monthly  average. 

Each  of  the  NPS-NFPN  sites  comes  from  a  specific  region  of  the  U.S.,  and 
represents  the  basic  features  of  that  region.  The  sites  associated  with  each  region  are 
Shenandoah,  Va  in  the  eastern  U.S.,  Grand  Canyon,  AZ  in  the  Southwest,  and  Glacier, 
MT  in  the  Northwest.  The  two  NESCAUM  sites,  Mohawk,  CT  and  Underhill,  VT, 
present  the  general  characteristics  of  the  Northeast. 

Hie  raw  data  for  the  fine  mass  is  shown  in  Figures  2  &  3.  At  Grand  Canyon,  A2^ 
the  time  spans  the  period  from  9/72  to  6/86.  Note  that  the  data  before  1983  is  rather 
variable,  and  it  is  difficult  to  recognize  any  trends  in  the  data.  However,  after  1983 
there  is  a  distinct  seasonal  pattern  with  a  high  during  the  summer  months.  This 
variability  was  found  for  most  stations  which  had  data  prior  to  1983. 

The  seasonal  pattern  is  also  seen  at  all  of  the  other  NPS-NFPN  sites  located  in 
the  Southwest  and  the  East.  The  NESCAUM  sites  also  exhibit  a  seasonal  {^ttem, 
although  it  is  not  as  distinct  as  it  is  for  the  NPS-NFPN  sites,  Figure  3.  The  only 
deviation  from  this  pattern  is  in  the  Northwest,  where  there  are  a  number  of  sites,  sudi 
as  Glacier,  MT  in  Figure  2,  with  no  discemable  seasonal  pattern.  This  presents  a 
definite  difference  between  the  Northwest  sites  and  those  in  the  rest  of  the  country. 
However,  at  all  of  the  sites  in  both  networks  the  fine  mass  showed  no  trend  towards 
increasing  or  decreasing  concentrations. 

Since  all  of  the  stations  in  the  Southwest  and  East  exhibited  a  seasonal  pattern 
for  the  fine  mass,  the  variability  in  the  data  prior  to  1983  at  the  Grand  Canyon  most 
likely  is  not  solely  due  to  a  varying  aerosol  mass.  One  pcssible  explanation  for  the 
suspect  data  is  a  varying  sampler  airflow  rate  during  collection.  As  discussed  in  section 
2.1.1  there  was  up  to  a  20%  deviation  in  the  airflow  rate  to  the  samplers  which  was  not 
corrected  until  1984.  Due  to  the  uncertainty  in  the  early  data,  all  averaging  and 
examination  on  the  NPS-NFPN  data  took  place  from  1/83  to  12/85. 

The  fine  silicon  and  sulfur  are  presented  for  the  five  stations  in  Figures  4-6, 
Again  at  the  Grand  Canyon  and  Shenandoah,  there  is  the  same  seasonal  pattern. 
However,  the  maximum  concentration  for  the  silicon  occurs  more  towards  the  spring 
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months,  whereas  this  maximum  occurred  during  the  summer  month  for  the  fine  mass 
and  sulfur.  At  the  Northwest  station.  Glacier,  MT,  the  silicon  pattern  is  similar  to  the 
rest  of  the  country,  but  the  sulfur,  like  the  fine  mass,  does  not  exhibit  any  seasonal 
{Kittera.  Again,  for  both  the  silicon  and  sulfur  at  all  sites  there  is  no  trend  towards 
increasing  or  decreasing  concentrations. 

The  silicon  and  sulfur  trends  at  the  NESCAUM  sites  are  similar  to  those  at  the 
Grand  Canyon  and  Shenandoah.  These  species  exhibit  a  slight  seasonal  pattern  with 
the  maximum  concentrations  occurring  during  the  same  months  as  those  for  the  NPS- 
NFPN  sites.  Also  there  is  no  increasing  or  decreasing  time  trend. 

The  fine  lead  is  shown  in  Figures  6  &  7.  At  the  NPS-NFPN  sites  there  are  fewer 
data  points  for  the  lead  than  for  the  other  aerosol  species  examined.  This  is  due  to  a 
large  number  of  measurements  falling  below  the  minimum  detectable  limit,  MDL.  It 
was  not  uncommon  for  over  50%  of  the  data  for  lead  to  be  below  the  MOL.  However, 
for  the  NESCAUM  sites,  there  is  a  higher  proportion  of  the  lead  data  above  the  MDL. 
This  di^erence  between  the  two  networks  is  a  common  occunence  for  the  trace  species. 

The  fine  lead  time  trends  for  both  networks  show  no  seasonal  patterns. 
However,  the  lack  of  a  seasonal  pattern  nnay  be  due  to  the  large  amount  of  data  falling 
below  the  MDL.  Unlike  the  other  aerosol  species  examined,  the  lead  has  a  definite 
decreasing  concentration  with  time  at  most  stations.  This  was  to  be  expected  with  the 
removal  of  lead  from  gasoline  which  generally  is  the  leading  source  of  aerosol  lead. 
However,  at  several  sites,  such  as  the  Grand  Canyon,  smelters  contribute  a  significant 
fraction  of  the  fine  particulate  lead,  so  the  decreasing  concentrations  were  not  as 
evident. 

Based  on  the  analysis  of  all  of  the  raw  data  from  both  networks,  two  points  were 
evident.  All  of  the  NESCAUM  sites  and  the  NPS-NFPN  sites  located  in  the  East  and 
the  Southwest  had  a  seasonal  pattern  in  the  time  trend  for  the  major  aerc^l  species, 
and  there  was  no  trend  to  increasing  or  deaeasing  concentrations.  Due  to  the  similarity 
of  the  data  from  the  two  networks  we  felt  that  the  data  from  these  networks  could  be 
combine. 
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3.  DETERMINATION  OF  AEROSOL  TYPES 


The  aerosol  mass  in  the  atmosphere  contains  many  different  aerosol  types.  This 
is  especially  true  in  urban  centers  where  anthropogenic  sources  can  contribute  a  large 
number  of  different  types  of  aerosol  to  the  atmosphere.  In  rural  areas  the  particulate 
mass  contains  generally  fewer  aerosol  types.  Six  common  aerosol  types  which  normally 
constitute  the  bulk  of  the  nonurban  fine  particulate  mass  are:  sulfate,  water,  soot,  soil, 
organics,  and  nitrates  (Cahill  et  al.,  1989(25);  Friedlander,  1977(^1)).  A  seventh  aerosol 
type,  salt,  is  often  important  for  coastal  sampling  sites  (Junge,  1972(2^)).  The  coarse 
mass  is  primarily  made  up  of  soil  constituents.  Other  aerosol  types  such  as  sulfates  and 
organics  can  constitute  a  small  fraction  of  the  coarse  mass.  (Lewis  and  Macias  et  al., 
1980(27)). 

This  section  discusses  the  process  used  to  partition  the  fine  and  coarse  aerosol 
mass  into  the  aerosol  types.  This  was  accomplished  by  using  a  two  step  process.  The 
first  part  follows  the  work  of  Cahill  et  al.,  (1989(25))^  in  partitioning  the  NPS-NFPN 
data  into  aerosol  types  by  scaling  up  the  concentrations  of  aerosol  species  used  as 
tracers.  The  next  part  used  a  fitting  process  to  estimate  any  unknown  tracer  scaling 
factors. 

The  equations  developed  were  applied  to  the  quarterly  averaged  data.  That  is, 
all  of  the  data  over  the  given  time  span  was  averaged  together  for  each  quarter. 
Quarter  one  began  in  January,  and  the  time  span  used  was  from  1/83  to  12/85  for  the 
NPS-NFPN  data  and  9/88  to  9/90  for  the  NESCAUM  data. 

3.1  Equations  for  Aerosol  T3q)es 

The  aerosol  types  were  found  by  creating  equations  which  multiplied  a  tracer 
species  by  a  scaling  factor.  An  equation  for  this  would  be  Aerosol  Type  =  Ci*Tj[, 
where  Cf  is  the  scaling  factor,  and  Tj  is  the  concentration  of  an  aerosol  species,  such  as 

silicon.  An  assumption  of  this  method  is  that  the  tracer  constitutes  a  constant  fraction  of 
the  aerosol  type.  This  is  in  accordance  with  the  source  apportionment  presented  by 
Friedlander  ( 1977(  11)). 


21 


3.1.1  Sulfate  and  Water 


The  sulfate  particle  which  often  has  water  associated  with  it  is  the  most 
important  aerosol  type  in  terms  of  its  fraction  of  the  fine  mass  and  light  scattering. 
Nearly  all  fine  particulate  sulfur  exists  as  a  sulfate  anion,  $04'^,  and  an  associated 

cation.  The  form  of  the  cation  depends  on  the  degree  of  neutralization  by  ammonium. 
The  three  common  forms  of  particulate  sulfate  are  ammonium  sulfate  ((NH4)2S04), 

bisulfate  (NH4HSO4),  and  sulfuric  acid  (H2SO4).  (Poirot  al.,  1990(20);  Pierson  & 

Brachaczek,  1983(2^)).  In  this  analysis,  the  sulfate  aerosol  was  divided  into  two  parts, 
the  sulfate  anion  which  will  be  call  sulfate  and  the  sulfate  cation  which  will  be  called 
cation.  Both  the  sulfate  and  cation  will  be  referred  to  as  aerosol  types. 

In  order  to  calculate  the  concentration  of  the  sulfate  aerosol  type,  we  multiplied 
the  sulfur  concentrations  by  the  ratio  of  the  molecular  weights  of  sulfur  to  sulfate. 
Therefore,  the  sulfate  aerosol  equation  was  sulfate  »  3*s. 

The  cation  concentrations  in  the  West  were  found  by  assuming  that  there  was 
sufficient  ammonium  to  neutralize  the  sulfate  completely,  producing  only  ammonium 
sulfate,  (NH4)2S04.  (White  and  Madas,  1990(21),  Ouimette  and  Flagan,  1982(1(*)).  In 

the  cation  aerosol  equation  for  the  West,  the  sulfur  concentrations  were  again  used  as 
the  tracer,  and  a  scaling  constant  of  1.12S,  the  ratio  of  the  molecular  weights  of  (NH4)2 

to  sulfur  was  used. 

Due  to  the  high  sulfur  concentrations  in  the  eastern  U.S.,  the  sulfate  generally  is 
not  fully  neutralized  by  ammonium.  Consequently,  the  sulfate  aerosol  is  found  in  its 
three  forms.  To  reflect  this  diversity,  the  cation  concentration  in  the  East  was 
represented  by  (NH4)xHy.  All  sulfate  aerosol  is  in  the  form  of  ammonium  sulfate  if  y 

=  0  and  X  s  2  and  sulfuric  acid  if  y-2  and  x  =  0.  Variations  of  x  and  y  between  these 
extreme  values  present  a  mixture  of  the  three  possible,  sulfate  cations.  However,  the 
constraint  x-f  y  =  2  must  be  met.  The  values  for  x  and  y  can  vary  both  spatially  and 
temporally. 

Due  to  the  variation  of  the  eastern  sulfate  aerosol  the  constant  used  to  scale  the 
sulfur  tracer  was  not  known.  Therefore,  the  equation  Cation  =  A*1.125*S  was 
developed  where  the  constant  A  can  have  a  maximum  value  of  1  for  ammonium  sulfate. 
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and  a  minimum  value  of  0.0S6  for  sulfuric  acid.  The  actual  constant  varied  within  this 
range  depending  on  the  sulfate  constituents.  The  constant  A  was  found  through  the 
fitting  process  discussed  latter  in  this  section. 

It  has  not  been  conclusively  demonstrated  that  the  coarse  sulfur  is  in  the  form  of 
an  ammonium  cation  and  sulfate  anion.  However,  several  studies  have  made  this 
assumption  in  partitioning  the  coarse  data  (Macias  et  aL,  198l(^^),  Lewis  and  Macias, 
1980(^^)).  Therefore,  for  this  study  we  assumed  that  the  coarse  sulfur  had  the  same 
spedation  as  the  fine  sulfur,  and  used  the  same  constants  as  those  found  in  the  fitting 
process  for  the  fine  aerosols  to  estimate  the  cation  and  sulfate  concentrations. 

The  aerosol  type  water  becomes  assodated  with  the  aerosol  mass  through 
absorption  by  the  soluble  salts.  Of  these  salts,  sulfate  has  the  highest  concentration  and 
a  very  high  affinity  for  water  (Sloane,  1986(30);  Lewis  and  Madas,  1980(27)).  For  this 
reason,  all  water  calculated  was  assiuned  to  be  associated  with  the  sulfate  aerosol. 

Prior  to  analysis,  the  samples  were  stored  in  the  lab  for  an  extended  period  of 
time.  This  allowed  the  water  in  the  sample  to  reach  an  equilibrium  with  the  laboratory 
atmosphere.  Consequently,  the  water  associated  with  the  aerosol  was  dependent  upon 
the  relative  humidity  of  the  laboratory,  not  that  of  the  sampling  conditions.  The  water 
concentration  was  estimated  by  scaling  up  the  sulfate  and  cation  concentrations;  water 
=  B*(Sulfate+ cation).  The  constant  B  was  determined  through  the  fitting  process 
discussed  in  section  3.2. 

Although,  the  water  assodated  with  the  aerosol  samples  was  dependent  upon  the 
laboratory  R.H.,  the  weather  conditions  during  sampling  could  affect  the  aerosol’s 
water  concentration.  An  aerosol  at  a  relative  humidity  below  the  deliquescence  point 
will  contain  more  water,  approximately  two  times,  if  it  had  previously  been  at  the 
deliquescence  point  then  if  it  had  not  (Winkler  and  Junge,  1972(31)).  Assuming  the 
sample  had  not  been  dried  out.  This  is  known  as  the  hysteresis  effect.  Therefore,  the 
water  constant  can  vary  with  sampling  time  and  location. 

It  has  been  shown  that  the  coarse  aerosol  mass  has  little  water  gain  even  at  high 
humidities  (Lewis  and  Madas,  1980(27)).  Therefore,  no  water  was  apportioned  for  the 
coarse  mass. 
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3AJ2  Soot 


The  optical  absorption  measured  for  each  fine  mode  air  sample  was  attributed  to 
elemental  carbon.  Using  an  absorption  efficiency  of  10  m^/g,  the  absorption  was 
converted  to  soot  concentrations  (Eldred  et  al.,  1986(23)).  The  absorption  efficiency 
used  was  based  on  the  assumption  that  the  absorption  was  primarily  due  to  diesel 
exhaust.  On  examining  the  soot  (X}ncentrations,  the  average  values  were  found  to  be 
over  8%  of  the  measured  fine  mass.  This  seemed  high  for  remote  areas.  In  a  study 
conducted  at  2^ez  Mesa,  AZ  by  J.R.  Ouimette  and  R.C.  Flagan  (1982(^())}  a  soot 
concentration  of  33%  was  found. 

Two  major  sources  of  soot  are  automobiles  and  the  burning  of  wood  (Pierson 
and  Bradiaczek,  1983(28);  Cooper,  1980(32),  Valaoras  et  al.,  1987(33)).  The  major 
source  of  lead  is  only  automobiles.  During  the  summer  months  the  burning  of  wood  for 
heat  would  not  be  present,  so  the  contribution  to  organics  via  wood  burning  would  be 
reduced.  Consequently,  we  believed  that  during  the  summer  months  vehicle  traffic, 
particularly  diesel  vehicles,  was  the  primary  contributor  to  lead  and  soot. 

Figure  8  is  a  scatter  plot  of  soot  and  lead  for  the  two  summer  quarters  of  the 
NPS*NFPN  data.  As  can  be  seen,  there  is  a  good  correlation  between  these  two  species, 
except  for  two  outliers.  Outlier  A  occurred  during  the  third  quarter  in  Yosemite.  The 
abnormally  high  soot  concentration  was  most  likely  due  to  forest  fires  in  the  area. 
Outlier  B  is  associated  with  Chiricahua.  AZ,  which  has  a  number  of  copper  smelters 
located  near  by.  The  high  lead  concentration  is  most  likely  due  to  the  smelters  and  not 
automobiles.  If  these  two  data  points  are  removed  the  correlation  coefficient  increases 
to  0.84  ami  the  Y  offset  becomes  250  ng/m3. 

If  the  lead  and  soot  concentrations  originate  from  the  same  source,  then  as  the 
lead  concentration  approaches  zero,  the  soot  concentration  should  also  diminish. 
According  to  the  regression  line  in  the  scatt.'*-  plot.  Figure  8,  at  small  concentrations  of 
lead  the  soot  concentration  is  around  250  ng/m3.  During  the  summer  months  a  soot 
backhand  will  probably  exist  due  to  wild  fires,  however  we  believe  that  this 
background  level  will  be  much  less  than  250  ng/m3.  For  this  reason,  we  felt  the 
reported  soot  concentrations  were  systematically  over  estimated.  'Therefore,  these 
concentrations  were  reduced  for  the  NPS  data  set  by  200  ng/m3.  This  brings  the 
average  soot  concentration  to  less  than  4%  of  the  measured  fine  mass.  This  value 
appears  more  reasonable,  and  is  on  the  order  found  by  Ouimette  and  Flagan  (1982(^0)). 
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Fignre  8.  A  conpariMHi  between  the  qnnrterijr  averaged  toot  and  fine  lead  for  qnartm  2  aad  3 
oftheNPS-NFPNdata. 
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The  soot  concentrations  at  the  seven  NESCAUM  stations  are  also  very  large.  In 
order  to  reduce  these  values,  we  divided  the  reported  concentrations  by  2,  as  suggested 
by  UCD  (1991(2^)).  This  corresponds  to  using  an  absorption  efficiency  of  20  m^/g  to 
calculate  the  soot  concentration  from  the  absorption  measurements. 

No  absorption  measurements  were  performed  on  the  coarse  mode  aerosol,  so  we 
did  not  have  any  means  of  estimating  the  coarse  soot.  However,  since  the  coarse  soot  is 
derived  primarily  from  anthropogenic  sources,  such  as  diesel  exhaust,  we  do  not  expect 
the  coarse  soot  to  contribute  any  sizable  fraction  of  the  mass.  This  is  because  all  of  the 
samplers  were  located  in  remote  areas  away  from  all  roads  and  industrial  sources. 

3.13  SoU 

The  fine  soil  aerosol  was  calculated  by  adding  the  concentrations  of  the  normal 
oxide  forms  of  the  major  soil  elements:  AI2O3,  Si02,  CaO,  K2O,  FeO,  and  Fe203 

(Bohn  et  al.,  1979(35),  Mason  and  Moore,  1982(3^)).  It  was  assumed  that  the  iron  was 
split  equally  between  FeO  and  Fe203.  (Eldred  et  al.,  1986(23)) 

The  fine  potassium  has  two  major  sources,  soil  and  smoke  (Eldred  et  al., 
1990(19);  Lewis  et  al.,  1986(37)).  Consequently,  the  soil  potassium  had  to  be  estimated 
from  the  data.  This  was  accomplished  by  multiplying  the  fine  silicon  by  a  soil  K  to  soil 
Si  ratio.  This  ratio  was  ascertained  using  the  coarse  data  in  the  NFS  data  set  and 
assuming  that  all  potassium  in  this  mode  was  soU  derived.  As  can  be  seen  from  Figure 
9,  coarse  silicon  and  potassium  correlated  very  well,  with  an  average  K  to  Si  ratio  of 
0.12.  The  resulting  soil  equation  used  was: 

Fine  Soil = 1.89*A1 +2.14*Si + 1.4*Ca + 135*Fe + 12*SoilK 
where  SoilK=0.12*Si. 

Titanium  has  often  been  included  as  a  major  soil  element  (Eldred  et  al., 
1990(19)).  It  was  not  included  in  this  calculation,  because  the  Ti  concentrations  were 
often  below  the  MDL.  This  made  it  very  difficult  to  obtain  an  accurate  average.  By 
neglecting  Ti  in  the  soil  equation  an  error  on  the  order  of  0  J  to  2%  was  introduced. 

This  same  equation  can  be  applied  to  the  coarse  soil,  however,  all  of  the 
potassium  would  be  assumed  to  be  soil  derived.  Another  method  which  has  often  been 
used  to  calculate  both  fine  and  coarse  soil  aerosols  scales  up  one  of  the  soil  elements 
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Rgnie  9.  A  coapariMO  betweoi  tke  qoaiterly  aTeraced  coane  potaanaai  aad  coarse  tiUcoa  for 
tke  NPS-NFPN  locatioas. 
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based  on  an  assumed  continental  crust  concentration  (White  and  Macias,  1990(21);  Cass 
and  McRae,  1983(3®)).  Two  common  scalars  used  are  silicon  and  iron.  Mason  and 
Moore  (1982(36))  estimated  that  silicon  accounted  for  about  28%  of  the  upper  16  km  of 
the  continental  crust  while  iron  accounted  for  4%.  These  assumed  fractions  of  soil  for 
silicon  and  iron  translate  to  scaling  factors  of  3.6  for  Si  and  25  for  Fe. 

3.1.4  Sea  Sait 

Fine  sodium  is  a  tracer  often  used  to  estimate  the  concentration  of  fine  sea  salt 
Both  Kowalczyh  et  al.,  (1978(3^))  and  Taback  et  al.,  (1979(‘*®))  have  used  a  Na  to  sea 
salt  ratio  of  031  to  calculate  the  sea  salt  concentration.  We  also  used  this  value  to  scale 
up  the  fine  sodium  to  fine  sea  salt  via  the  equation:  sea  salt=3.2*(Na-lS).  The  IS 
ng/m3  was  subtracted  from  the  sodium  concentration,  because  the  averages  from  the 
raw  data  were  biased  high.  This  bias  arose  from  the  large  fraction  of  sodium 
measurements  below  the  minimum  detectable  limit,  MDL,  which  were  not  taken  into 
account  when  calculating  the  straight  arithmetic  average.  To  overcome  this  problem  a 
log  normal  scheme  was  used  to  estimate  a  less  biased  arithmetic  average.  This  was 
accomplished  by  fitting  the  raw  sodium  data  to  a  log  normal  distribution  to  estimate  the 
data  below  the  MDL  (Helsel,  1990;  Travis  and  Land,  1990(^1)).  By  calculating  the 
average  using  a  log  normal  scheme  it  was  found  that  the  straight  arithmetic  average  was 
about  IS  ng/m3  larger  than  the  less  biased  log  normal  average.  Figure  10.  After 
subtracting  15  ng/m3  from  the  sodium  concentrations,  four  data  points  were  below 
zero.  These  data  points  were  subsequently  set  to  zero. 

In  Figure  10,  there  is  one  data  point  which  has  a  much  larger  log  normal 
arithmetic  average  than  the  straight  arithmetic  average.  This  outlier  is  due  to  the 
percenU^e  of  data  points  below  the  MDL  biasing  the  log  normal  average.  Due  to  the 
incomplete  reliability  of  this  averaging  scheme  we  chose  not  to  use  its  results,  but  rather 
use  the  mean  of  the  results.  The  NA  for  the  NESCAUM  data  was  not  scaled  down  by 
IS  ng/m3,  because  a  concentration  below  the  MDL  was  estimated  by  using  half  the 
MDL. 


Another  possible  tracer  for  sea  salt  is  chlorine.  However,  Cl  is  chemically 
reactive  in  the  atmosphere  and  dissociates  from  the  sea  salt  with  time  (Junge,  1972(26)). 
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Sodium  (log  normo!  ^vq.) 
ng/m3 
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The  a-  also  tends  to  volatilize  from  Teflon  filters  during  collection  (UCD,  199l(3‘*)). 
For  this  reason,  Cl  was  not  used  in  the  sea  salt  estimates. 

The  sodium  for  the  coarse  data  was  rarely  above  the  minimum  detectable  limit. 
Due  to  this  a  coarse  sea  salt  could  not  be  obtained. 

3.1.S  Organics 

Organics  are  one  of  the  major  constituents  of  the  fine  aerosol  mass. 
Unfortunately,  they  are  difficult  to  measure  accurately.  One  method  used  to  estimate 
organic  matter  scales  up  the  tracer,  organic  hydrogen.  This  method  has  been  used  with 
success  on  aggregated  data  by  Cahill  et  al.,  (1989(25))  for  the  NPS-NFPN  data  set  and 
by  Poirot  et  al.,  (1990(20))  for  the  NESCAUM  data  set.  Organics  can  also  be  estimated 
by  the  remaining  mass  method  which  assumes  that  organics  constimte  a  constant 
fraction  of  the  remaining  mass  (Cahill  et  al.,  1989(25)).  'phe  remaining  mass  is 
calculated  by  the  equation:  Remaining  Mass=Fine  Mass  -  SO4-2  -  Cation  -  Soil  -  Salt  - 

Soot. 


The  NESCAUM  data  also  contains  the  fine  organic  carbon  collected  on  quartz 
filters  at  the  NY  and  MA  sites.  The  reported  concentrations  have  already  been 
corrected  for  artifact.  The  organic  carbon  can  be  used  as  a  tracer  for  organics,  and 
scaled  up  to  estimate  the  organic  mass  (Wolff  et  al.,  1986(‘^5);  perman  et  al.,  198l(^)). 
The  hydrogen  method  is  used  to  estimate  the  organic  concentration  for  this  study  while 
the  other  two  methods  are  used  to  check  this  organic  mass. 

The  major  problem  with  estimating  organics  via  organic  hydrogen  is  separating 
the  inorganic  from  the  organic  hydrogen.  There  are  three  main  contributors  to 
inorganic  hydrogen:  ammonium  sulfate,  ammonium  nitrate  and,  water  (Cahill  et  al., 
1989(25)).  In  order  to  measure  the  hydrogen  concentration  the  sample  is  placed  into  a 
vacuum.  This  causes  the  majority  of  the  water  to  desorb  from  the  sample  before  the 
hydrogen  concentration  is  measured.  The  ammonium  nitrate  aerosol  is  extremely 
volatile  on  Teflon  filters,  and  it  is  believed  that  most  of  it  would  also  be  removed  when 
the  sample  is  placed  into  the  vacuum  (Shaw  et  al.,  1982(45),  uCD  1991(^4)).  The 
contributors  to  the  remnining  hydrogen  should  be  only  organics  and  ammonium  due  to 
the  ammonium  sulfate.  Consequently,  if  the  ammonium  hydrogen  is  removed,  only  the 
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organic  hydrogen  is  left.  It  should  be  noted  that  a  fraction  of  volatile  organic  matter 
will  also  be  removed  in  the  vacuum  which  must  be  taken  into  account. 

We  estimated  the  organic  concentration  using  the  equation;  organic  =  C*(H- 
Cation/D).  The  constant  C  was  found  through  the  fitting  process  to  be  discussed  later. 
The  constant  D  is  determined  by  the  assumed  makeup  of  the  cation  term  associated  with 
sulfate.  For  ammonium  sulfate  D=4.5,  for  bisulfate  D=3.8,  and  D  =  1  for  sulfuric  acid. 

In  order  to  estimate  the  organics  via  the  remaining  mass  method  the  ratio  of 
organic  material  to  the  remaining  mass  needs  to  be  known.  Cahill  et  al.,  (1989(25)) 
calculated  this  ratio  from  two  different  studies.  They  found  that  from  the  VISTTA 
study  conducted  in  Northern  AZ  53%  of  the  remaining  mass  was  contributed  by  organic 
matter.  From  the  RESOLVE  study  in  southern  California  67%  of  the  remaining  mass 
was  organics. 

The  equation  we  used  to  estimate  the  organics  from  the  carbon  measurements  is 
that  suggested  by  UCD  (199l(34)):  Organic  =  1.4*(OCLT  +  OCHT)+400.  The  1.4 
coefficient  accounts  for  the  non-carbon  contribution  to  organic  mass.  OCLT  and 
OCHT  refer  to  the  organic  carbon  measured  at  low  and  high  temperatures  respectively. 
The  400  is  added,  because  they  felt  that  the  organic  artifact  correction  was  too  large. 
The  large  correction  was  due  to  the  high  uncertainty  in  this  estimate,  see  section  2.2.2 
on  NESCAUM  sampling  analysis. 

The  coarse  organic  aerosol  type  has  been  found  to  have  varying  importance  to 
the  coarse  mass.  In  a  study  conducted  in  southern  California  (Appel  et  al.,  1976('^^))  no 
coarse  organic  mass  was  found.  However,  coarse  organic  carbon  was  found  in  studies 
conducted  in  Charleston,  WV  (Lewis  and  Macias,  1980(27)),  St.  Louis,  MO,  and  Covina, 
CA  (Spicer,  1976(^^7))  where  it  accoimted  for  about  10%  of  the  coarse  mass.  All  of 
these  studies  were  conducted  in  cities  where  part  of  the  coarse  organic  mass  could  result 
from  primary  emissions  such  as  automobile  lubricants  (Cukor  et  al.,  1972(‘^®)). 

In  this  study  we  did  not  calculate  the  organic  mass  for  several  reasons.  First, 
since  the  samplers  were  located  in  remote  areas  few  coarse  organic  particles  from 
anthropogenic  sources  would  be  found.  Consequently  we  believed  that  the  coarse 
organic  mass  would  be  much  less  than  the  10%  of  the  coarse  mass  found  in  the  studies 
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located  in  cites  which  makes  the  organic  fraction  rather  unimportant.  Also,  the  NPS- 
NFPN  data  did  not  contain  hydrogen  measurement  for  the  coarse  data,  so  the  hydrogen 
method  could  not  be  used  to  estimate  the  coarse  organic  mass.  A  revised  remaining 
mass  method  could  be  used,  but  any  estimates  of  the  organic  concentration  would  be 
rather  suspect,  and  we  have  no  other  estimates  to  compare  it  to. 

3.1.6  Nitrates 

Nitrates  are  a  very  elusive  aerosol  type  to  measure.  They  tend  to  volatilize  from 
the  Teflon  filters  making  it  very  difficult  to  obtain  a  measurement  representative  of 
their  true  atmospheric  concentrations  (Shaw  et  al.,  1982(45)|  Appel  et  al.,  1981(^9); 
White  and  Macias,  1987(^0)).  The  data  sets  used  in  this  study  do  not  contain  any 
measurements  that  could  be  used  to  estimate  nitrates.  We  feel  that  nitrates  are  the  only 
remaining  large  aerosol  type  which  has  not  been  taken  into  account.  Therefore,  the 
difference  between  the  measured  mass  and  calculated  mass,  sum  of  the  sulfate,  water, 
cation,  salt,  soot,  soil,  and  organic,  will  be  assumed  to  be  constituted  mainly  of  nitrate. 

Since  the  nitrates  are  generally  a  secondary  aerosol  type,  their  contribution  to 
the  coarse  mode  should  be  very  small.  Consequently,  the  difference  between  the 
calculated  and  measiued  coarse  mass  cannot  be  assumed  to  be  primarily  nitrates. 

3.2  Determining  the  Unknown  Aerosol  Constants  for  the  Fine  Aerosol  Types 

The  aerosol  equations  discussed  to  this  point  have  fully  defined  the  sulfate,  soil, 
soot,  and  salt  for  all  stations,  and  the  sulfate  cation  for  the  western  sites,  for  the  fine 
aerosol  mass.  The  constants  needed  to  determined  the  remaining  fine  aerosol  types,  the 
cation  concentration  in  the  East,  water,  and  organics  at  aU  locations  were  found  by 
fitting  the  calculated  fine  mass  to  the  measured  fine  mass.  The  calculated  mass  is  the 
sum  of  all  seven  estimated  aerosol  types. 

To  allow  for  regional  variation  of  aerosol  scaling  constants,  the  U.S.  was  divided 
into  three  regions,  the  Northwest,  Southwest,  and  the  East  as  defined  in  Figure  11.  In 
the  fitting  process,  it  was  assumed  that  the  organic  constant  was  the  same  for  each 
region.  This  implies  that  the  average  organic  composition,  carbon  to  hydrogen  ratio,  is 
not  spatially  dependent,  and  a  constant  fraction  of  the  organic  material  is  removed  from 
the  sample  when  it  is  placed  into  the  vacuum  for  hydrogen  measurement. 
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IHgore  11.  The  three  repons,  and  the  stations  located  in  each  region,  that  the  fitting  process  was 
condncted  over  to  And  the  nndetennined  aerosol  constants. 
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In  performing  such  a  fitting  process  to  calculate  the  remaining  aerosol  type 
concentrations  we  are  becoming  dependent  upon  the  adjustments  to  the  fine  mass 
concentrations  which  were  used  to  compensate  for  the  increase  between  sampling  and 
analysis,  see  section  2.1.2.  This  can  introduce  uncertainty  in  the  fitting  process,  because 
we  do  not  know  the  chemical  composition  of  the  material  responsible  for  this  increased 
mass. 


3.2.1  Fitting  the  Southwest  Region 

In  the  Southwest  there  were  two  unknown  constants  which  needed  to  be 
estimated  to  approximate  the  water  and  organic  aerosols.  Since  the  organic  constant 
was  assumed  not  to  be  spatially  dependent,  the  constant  determined  in  this  region  was 
applied  to  the  other  two  regions.  It  was  assumed  that  the  water  constant  in  the 
Southwest  was  invariant  with  season.  The  R.H.  in  this  region  rarely  exceeds  80%, 
hence,  the  soluble  salts  seldom  reach  the  deliquescence  point,  and  the  hysteresis  effect 
is  negligible. 

In  order  to  perform  the  fitting  process  we  also  assumed  that  the  nitrate 
concentration  was  negligible.  The  nitrate  concentrations  in  the  rural  Southwest  have 
been  found  to  be  small  by  White  and  Macias  (1987(^0))  using  data  from  the  WRAQS 
study.  Also  the  nitrate  aerosol  is  very  volatile  on  Teflon  filters,  and  a  fraction  of  the 
nitrate  collected  will  volatilize  from  the  filters  before  measurement,  reducing  the 
importance  of  nitrates  further.  Therefore,  we  assumed  that  the  measured  mass  was 
estimated  by  the  seven  aerosol  equations  already  defined. 

The  fitting  process  involved  first  estimating  the  two  unknown  constants  then 
comparing  the  calculated  mass  to  the  measured  mass  by  linear  regression.  The  two 
constants  were  adjusted  in  order  to  get  as  close  to  a  1  to  1  correspondence  between  the 
two  masses  as  possible.  The  best  fit  was  found  when  the  correlation  coefficient  and 
slope  were  as  close  to  one  as  possible  without  greatly  overestimating  the  measured 
mass.  By  not  allowing  the  calculated  mass  to  overestimate  the  measured  mass  the 
stations  where  the  nitrate  assumption  is  not  valid  will  underestimate  the  measured  mass. 
The  difference  is  assumed  to  be  made  up  of  primarily  nitrates. 

The  two  constants  found  through  this  fitting  process  were,  Crater  =  O-l 
^organic  ~  water  concentration  of  10%  of  the  sulfate  salt  is  within  the  range 
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found  by  Winkler  and  Junge  (1972(^1))  for  sulfate  in  relative  humidities  between  40 
and  60  percent,  which  is  the  estimated  R.H.  of  the  lab. 

An  estimate  of  the  average  organic  molecule  contains  9%  hydrogen  and  71% 
carbon  (Eldred  et  al.,  1990(1^);  and  Poirot  et  al.,  1990(20)).  Based  on  this  hydrogen 
content,  the  organic  constant  would  be  approximately  11.  The  increase  in  this  constant 
accounts  for  that  part  of  the  organic  concentration  that  volatilized  from  the  filter  during 
analysis.  UCD  (1989(34))  using  the  IMPROVE  data  set  found  that  approximately  25% 
of  the  organic  matter  volatilizes  from  the  filters  at  low  temperature.  Assuming  that  all 
of  this  organic  material  will  be  removed  from  the  filter  during  the  hydrogen  analysis, 
the  Corganic  becomes  13.75  which  is  close  to  the  constant  we  found. 

The  results  for  the  calculated  mass  using  these  constants  are  presented  in  Figure 
12.  Figure  12A  presents  the  scatter  plot  and  correlation  statistics  between  the  two 
masses.  The  dotted  line  in  this  plot,  represents  the  one  to  one  correspondence  between 
the  two  masses.  The  solid  line  is  a  linear  regression  line  fitted  to  the  data.  Figure  12B 
plots  the  residues  of  the  calculated  mass.  As  can  be  seen,  there  is  a  high  correlation 
between  the  two  masses,  r  =  0.98.  Also,  the  overestimation  was  held  to  only  a  few  data 
points,  and  generally  under  seven  percent.  The  slope  of  the  regression  line  is  only  0.86. 
To  increase  this  any  substantial  amount  without  changing  any  of  the  assumptions  would 
require  over  estimating  some  data  points  by  more  than  15%  which  seemed  unreasonable. 

3.2.2  Fitting  the  Eastern  Region 

The  constants  for  the  eastern  region  were  fitted  next.  It  has  been  found  that 
there  are  major  differences  between  the  North  and  Southeast  (Husar  and  Wilson, 
1990(51)).  Unfortunately,  there  are  only  three  NPS-NFPN  stations  which  can  be 
considered  to  be  in  the  Southeast.  Therefore,  the  constants  were  fitted  to  all  eastern 
stations  at  once. 

In  the  fitting  process,  we  again  assumed  that  the  nitrate  concentrations  were 
negligible.  The  eastern  aerosol  is  more  acidic  due  to  the  incomplete  neutralization  of 
the  sulfate  anion.  Therefore,  when  the  sulfate  aerosol  comes  into  contact  with  the 
nitrate,  such  as  on  a  filter,  the  sulfate  causes  the  nitrate  to  volatilize  and  associates  with 
the  ammonium  cation.  Shaw  et  al.,  (1982(45))  showed  at  a  site  in  North  Carolina 
between  37  and  90%  of  the  particulate  nitrate  was  volatilized  from  the  Teflon  filters. 
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Due  to  the  assumption  of  a  spatial  independent  organic  constant  the  organic 
constant  found  in  the  Southwest  v/as  used  for  the  East.  This  left  the  water  and  cation 
constants  to  be  determined.  Both  of  these  constants  were  allowed  to  vary  with  time, 
and  the  cation  constant  could  vary  with  space  for  the  three  southern  stations  from  the 
N.E.  stations.  To  allow  for  the  temporal  variation,  each  quarter  was  fitted  separately. 
Figure  13  illustrates  the  resultant  scatter  plot  of  the  calculated  and  measured  mass  from 
the  fitting  process,  and  the  residuals  of  the  calculated  fine  mass.  As  can  be  seen,  there  is 
excellent  correlation,  r  =  0.98,  between  the  two  masses  with  a  slope  close  to  one,  and 
little  overestimation.  The  constants  used  to  create  this  fit  are  presented  in  Table  2. 

Table  2.  Tlie  best  fitted  aerosol  constants  for  the  Northeast,  by  quarter. 


Cadon 

Q1 

Q2 

Q3 

04 

Northeast 

0.75 

0.85 

0.41 

0.75 

Shenandoah 

0.75 

0.85 

0.41 

0.75 

Great  Smokey  Mnt. 

0.75 

0.85 

0.41 

0.75 

Buffalo  River 

0.8 

0.8 

0.8 

0.8 

Water 

All  Eastern  Stadons 

0.17 

0.15 

0.25 

0J2O 

Oryanic 

All  Stadons 

13 

13 

13 

13 

Although  the  cation  constant  was  allowed  to  very  spatially,  the  only  station 
which  significantly  differed  from  the  other  stations  was  Buffalo  River  where  the 
constant  equaled  0.8  for  all  four  quarters.  Buffalo  River,  AR  was  located  close  to  the 
east  -  west  boundary  as  we  defined  it.  In  the  West,  the  sulfate  was  assumed  to  be  fully 
neutralized  for  all  seasons.  Consequently,  for  Buffalo  River,  AR  to  have  a  nonvarying 
cation  constant  close  to  1  (fully  neutralized  sulfate  anion)  seemed  reasonable. 

All  the  other  stations  in  the  East  had  approximately  the  same  coefficients  for  a 
given  season.  As  shown  in  the  table,  the  highest  cation  constant  occurred  in  the  second 
quarter,  the  lowest  in  the  third  quarter,  and  the  same  for  the  first  and  fourth  quarters. 
The  constant  for  the  first  and  fourth  quarter  is  roughly  equivalent  to  a  50%  mixture  of 
ammonium  sulfate  and  bisulfate.  Poirot  et  al.,  (1990(20))  suggest  that  this  is  the  likely 
composition  of  sulfate  for  the  Northeast  during  the  winter  seasons. 
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FigarelS.  A)  A  coaptiiuo  betweea  tke  cakalaled  fiae  aau  aad  lie  AMsaiared  fiae  mm  fw 
theEait.  B)  A  plot  of  the  lewd—b  of  the  Mkahted  fiae  mm. 
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From  the  National  Atmospheric  Deposition  Program  (NADP)  precipitation 
chemistry  data  (NADP,  1982(52))  it  was  found  that  the  maximum  cation  concentrations 
in  the  northeastern  U.S.  occurred  during  the  second  quarter  months.  This  coincides 
with  the  fitted  cation  constants  where  the  second  quarter  had  the  largest  values.  Two 
other  rain  chemistry  studies  located  in  the  Midwest  had  similar  results  (Ramundo  and 
Seastedt,  1990(53)). 

The  third  quarter  has  the  lowest  cation  constant,  yet  the  rainfall  studies  showed 
this  quarter  to  have  some  of  the  highest  cation  concentrations.  This  dilemma  will  be 
rectified  in  section  4  where  it  will  be  shown  that  this  quarter  had  the  highest  eastern 
sulfate  concentrations  thus  the  least  neutralization.  The  value  of  the  third  quarter 
constant  represents  a  slightly  more  acidic  sulfate  aerosol  than  ammonium  bisulfate. 

The  water  constants  found  were  relatively  constant  for  all  four  quarters. 
Interesting,  the  water  constants  seem  to  be  associated  with  the  acidity  of  the  aerosol. 
The  largest  water  constant  occurred  during  quarter  3  which  was  also  the  most  acidic 
quarter  while  the  smallest  water  constant  occurred  during  quarter  2,  the  least  acidic 
quarter.  These  water  constants  are  approximately  twice  that  found  for  the  Southwest. 
This  inCTcase  was  most  likely  due  to  the  hysteresis  effect. 

3.23  Sensitivity  Analysis  for  the  Eastern  Stations 

The  cation  constant  in  the  system  of  equations  is  very  important,  because  the 
inferred  water  and  organic  concentrations  are  dependent  upon  its  value.  To  understand 
the  effect  of  this  constant  on  the  calculated  mass,  a  sensitivity  analysis  was  conducted  on 
the  eastern  data  with  the  water  constant  set  equal  to  0.1.  The  results  of  this  analysis  for 
the  third  quarter  are  presented  as  pie  charts  for  each  station  in  Figures  14  &  16. 

The  sensitivity  analysis  was  conducted  by  letting  the  cation  constant  vary  from  its 
maximum  value  to  its  minimum  value.  The  maximum  value  physically  possible  is  1 
which  corresponds  to  an  aerosol  type  of  pure  anunonium  sulfate.  Figure  14  presents  the 
resultant  aerosol  type  concentrations  assuming  a  value  of  one  for  the  third  quarter.  A 
large  percentage  of  the  measured  mass  is  undetermined.  We  have  called  this  part  of  the 
mass  "unknown,"  Also,  the  organic  concentration  in  the  Northeast  is  greater  than  25% 
of  the  fine  mass  which  is  more  than  half  the  concentration  attributable  to  the  sulfur 
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aerosol  types,  sulfate,  cation  and  water.  At  the  two  southern  stations,  Shenandoah  and 
Smokey  Mnts.,  the  organic  concentration  is  nearly  nonexistent,  and  the  sulfur  aerosol 
types  contribute  about  65%  compared  to  45%  for  the  northern  stations. 

At  Buffalo  River  the  aerosol  makeup  is  different  from  that  of  the  other  two 
southern  stations.  At  this  site,  the  sulfur  aerosol  types  account  for  less  of  the  fine  mass 
than  at  the  other  two  southern  stations,  but  both  the  organics  and  soil  constitute  more  of 
the  fine  mass,  about  20%  each  compared  to  5%  at  Shenandoah  and  Smokey  Mnts. 
These  differences  are  most  likely  due  to  the  western  location  of  Buffalo  River  where  it 
experiences  a  different  regional  aerosol  composition  then  the  other  eastern  stations. 

The  variations  between  the  northern  and  southern  stations  in  the  eastern  U.S. 
may  be  due  to  differences  in  regional  aerc»ol  chemistry,  or  it  may  be  due  to  the 
different  sampling  techniques  used  in  the  NPS-NFPN  and  NESCAUM  monitoring 
networks.  Figure  15  is  the  same  plot  as  Figure  14  using  the  fourth  quarter  data.  This 
figure  contains  data  for  Acadia  ME  from  the  NFS  data  set  which  lies  in  the  NESCAUM 
region.  ^;ain,  the  sulfur  aer(»ol  types  concentrations  are  greater  in  the  two  southern 
stations  then  in  the  Northeast,  except  for  Acadia  which  has  an  aerosol  make  up  similar 
to  that  of  the  southern  stations.  This  illustrates  that  the  differences  between  the  North 
and  Southeast  were  probably  due  to  differences  in  the  sampling  techniques  then  the 
regional  aerosol. 

Figure  16  presents  the  break  down  of  the  aerosol  types  assuming  a  minimum 
value  for  the  cation  constant  Thie  value  for  the  minimum  cation  constant  changed  for 
each  quarter,  and  was  dependent  on  two  constraints.  The  first  constraint  was  due  to  the 
defined  aerosol  ^uations,  and  a  decreasing  cation  term.  As  the  cation  constant  was 
decreased  the  aerosol  concentration  attributed  to  the  sulfur  aerosol  types  decreased  due 
to  the  decreases  in  cation  and  water.  However,  the  oiganic  concentrations  acted  in  the 
reverse  manner  and  increased.  The  increase  in  organics  was  greater  than  the  deaease 
in  the  sulfur  aerosol  types  causing  the  unknown  term  to  decrease.  The  minimum  cation 
constant  was  that  value  which  corresponded  to  an  unknown  of  zero.  However,  if  the 
cation  constant  was  equal  to  0.056  which  corresponds  to  a  sulfuric  add  aerosol  before 
the  unknown  became  zero,  then  0.056  was  the  minimum  cation  value. 
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^  Organic 
^  Unknotm 


^S04  +  liH4  +  Hater 
[y  soil  +  Soot  +  salt 


Figuei4.  Tlw3^i)iiMter««o>olcoutitseaUateaclieattenilocati(Mi.  The  Mlfate  is  amaed 
to  be  ia  the  fona  of  aaiaoaiaai  aatfate,  aad  the  water  cooteat  wu  estiauted  to  be  10% 
of  the  aamoaiaai  aolfate. 


41 


^  S04  +  IiH4  +  Hater  Organic 

^  Soil  +  Soot  +  Salt  Unknown 

FigBfelS.  The  4*^  qaarter  aerotol  coastitanU  at  each  eaften  locatioa.  ThetalfateuaMaaed 
to  be  ia  the  focal  of  awMoaiaai  aJtate,  aad  the  water  coateat  wai  eatiaated  to  be  10% 
of  the  aMoaiaai  aalfate. 


S04  +  1IH4  +  water  Organic 

Soil  +  Soot  +  Salt  /^Unknown 

Figure  16.  11^3"*<|MrteraeroMlcoutiiKBtt«teM:keuteni  locatioe.  TtesattatcttCMuMd 
to  be  ia  tke  font  of  salfwic  acid,  aad  the  water  coateat  was  *iti— to  be  10%  of  the 
salfarie  acid. 
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It  was  found  that  for  the  third  quarter,  the  minimum  constant  was  0.056  which 
corresponded  to  an  sulfate  cation  of  sulfuric  acid.  The  resultant  aerosol  types 
concentrations  are  presented  in  Figure  16.  The  six  defined  aerosol  types  account  for 
virtually  all  of  the  measured  mass  except  at  Smokey  Mnts,  TN  and  Mohaw’  v-T.  The 
organic  concentrations  increased  by  more  than  30%  for  all  stations  over  those  presented 
in  Figurel4.  The  sulfates  decreased  by  about  15%.  This  is  a  wide  range  of  variation  for 
these  aerosol  types  which  placed  much  Importance  on  finding  the  correct  cation 
constant. 

The  minimum  cation  constant  for  the  other  three  quarters  was  limited  by  the 
unknown  aerosol  function  reaching  zero.  This  occurred  at  a  cation  aerosol  type 
corresponding  to  ammonium  bisulfate.  Therefore,  the  possible  variation  in  the 
organic,  cation  and  unknown  concentrations  for  these  three  quarters  was  smaller  than 
for  the  third  quarter. 


3.2.4  Fitting  The  Northwest  Region 

In  the  Northwest,  only  the  organic  and  water  constants  were  undetermined. 
Since  we  assumed  that  the  organic  constant  did  not  vary  with  season  or  location  we  used 
the  value  found  from  the  Southwest  fitting  process.  Consequently,  only  the  water 
constant  needed  to  be  determined.  In  order  to  calculate  the  water  constant,  we  used 
relative  humidity  charts  to  estimate  the  average  local  R.H.  values  and  temperature  for 
each  season  (Ruffner  and  Bair,  1979(^^)).  The  constants  applied  were  those  foimd  in 
the  Southwest  for  periods  where  the  R.H.  was  below  70%  on  average,  and  those 
determined  in  the  East  for  higher  R.H.  periods.  If  the  average  temperature  was  below 
freezing  we  used  the  Southwest  constant  reasoning  that  the  water  would  be  in  a 
crystalline  state  and  the  aerosol  could  not  absorb  it. 

Table  3  presents  the  water  constants  used  for  this  region.  The  temperatiue  and 
relative  humidity  varied  over  a  warm  and  cold  season,  so  the  constants  were  defined  for 
quarters  1  and  4,  (cold  season),  and  quarters  2  and  3,  (warm  season).  The  cold  season 
generally  has  higher  constants  than  the  warm  season  for  the  coastal  and  more  southern 
stations.  This  is  because  the  highest  R.H.  values  were  found  during  this  season  and  the 
temperature  was  usually  above  freezing. 
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A  best  fitting  process  was  not  used  in  this  region  because  the  nitrate  aerosol  may 
not  be  negligible  (White  and  Macias,  1987(50)).  We  had  no  means  of  estimating  the 
nitrate  aerosol  to  determine  if  this  was  true  or  not.  If  the  nitrates  are  not  negligible, 
then  a  best  fitting  process  would  overestimate  the  water  contribution  to  the  sample 
mass. 


Table  3.  The  water  constants  for  the  Northwest  Stations. 

Station 

Cold  Season  (01.04^ 

WannSgasoa 

Crater  Lake 

02 

0.15 

Mount  Rainier 

0.2 

0.15 

Lassen  Volcanic 

0.15 

0.1 

North  Cascades 

02 

0.15 

Lava  Beds 

02 

0.15 

Craters  of  Moon 

0.15 

0.1 

Grand  Teton 

0.15 

0.1 

Glacier 

0.1 

0.15 

Dmosaur 

0.1 

0.1 

Browns  Park 

0.1 

0.1 

Rocky  Mnt. 

0.1 

0.1 

Roosevelt 

0.1 

0.15 

Wind  Cave 

0.1 

0.1 

Voyager 

0.1 

0.15 

Figure  17  presents  the  scatter  plot  of  the  calculated  vs  measured  mass,  and  the 
residuals.  As  can  be  seen  from  the  scatter  plot,  the  correlation  is  very  good.  The  slope 
is  only  0.77,  but  the  intercept  is  not  large.  The  low  slope  and  small  intercept  is  an 
indication  that  we  did  not  account  for  some  of  the  aerosol  mass  such  as  nitrates.  As 
shown  in  the  residual  plot,  only  one  data  point  overestimates  the  measured  mass.  Also, 
of  the  three  regions,  the  Northwest  has  the  largest  residuals.  The  majority  are  greater 
than  10%  with  two  data  points  even  greater  than  30%.  The  possible  constituents  of  this 
large  unknown  are  discussed  in  section  S. 
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B) 


i%iirel7.  A)  A  coaipiritoi  between  the  calculated  floe  aau  utd  the  measured  fine  mus  for 

the  Northwest  B)  A  frfot  erf  the  wiMitmlc  of  thg  fjtig  mm. 
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3.2.5  The  Entire  U.S. 


The  comparison  of  the  calculated  and  the  measured  fine  aerosol  mass  for  the 
U.S.  is  presented  in  Figure  18.  In  performing  the  fitting  process  we  were  trying  to 
satisfy  three  criteria  based  on  a  linear  regression  comparison  of  the  measured  and 
calculated  mass.  These  criteria  were  to  have  a  correlation  coefficient  and  slope  as  close 
to  one  as  possible,  and  keep  the  overestimation  of  the  measured  mass  by  the  calculated 
mass  to  a  minimum.  As  can  be  seen  from  the  scatter  plot,  the  three  criteria  have  been 
met.  Both  the  slope  and  correlation  coefficient  are  0.99  and  the  overestimation  of  the 
measured  mass  has  been  kept  to  a  minimum  with  only  six  data  points  overestimating  the 
measured  mass  by  more  than  5%.  The  variation  of  the  residuals  have  also  been  kept  to 
a  reasonable  level  with  the  bulk  of  the  residuals  falling  between  -5  and  15  percent. 
There  are,  however,  a  munber  of  points  which  lie  outside  this  range  and  must  be 
examined  closer. 

33  Examining  Alternative  Fine  Aerosol  Equations 

Both  the  fine  soil  and  organic  aerosols  had  more  than  one  method  to  calculate 
their  concentrations.  In  order  to  perform  the  fitting  process  the  fine  soil  aerosol  was 
calculated  using  the  oxide  method,  and  the  organic  aerosol  was  calculated  using  the 
hydrogen  method.  This  section  compares  the  alternative  methods  available  to  estimate 
the  soil  and  organic  concentrations  with  those  used  in  the  fitting  process. 

33.1  SoU 

The  soil  equation  used  in  this  study  scaled  up  the  major  soil  elements  according 
to  their  assumed  soil  oxide  forms.  As  discussed  in  section  3.1.3,  an  alternative  method 
simply  scales  up  one  of  the  soil  elements  based  on  an  assumed  continental  crust 
concentration.  Using  this  alternative  method  the  fine  silicon  concentration  was 
multiplied  by  3.6  to  calculate  the  fine  soil. 

A  comparison  between  the  two  methods  is  presented  as  a  scatter  plot  in  Figure 
19.  As  shown,  there  is  excellent  agreement  between  the  two  methods.  It  should  be 
noted  that  the  soil  aerosol  is  most  likely  a  combination  of  crustal  material  and  clay. 
Clay  has  a  Si  content  about  25%  (Mason  and  Moore,  1982(3^))  less  than  the  continental 
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B) 


Figgis.  A)  A  coapaiisoa  betweea  tbe  calctiUted  fiae  matt  aad  the  meaiiured  fiae  maw  for 
all  three  fCfkma.  B)  A  plot  of  the  reakiaala  of  the  calcalated  fiae  laata. 
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Figure  19.  A  comparison  between  tbe  oxide  metbod  and  rilic<m  to  the  y?«v»a4Hl 

concentrations. 
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crust,  so  the  soil  estimated  based  on  the  Si  may  be  underestimated.  Also,  Cahill  et  al., 
(1989(25))  believe  that  the  oxide  soil  equation  accounts  for  only  84%  of  the  fine  soil 
mass,  so  the  oxide  method  may  also  be  slightly  underestimated.  However,  using  this 
same  scaling  factor  and  coarse  Si,  White  and  Macias  (1990(21))  found  near  one  to  one 
correlation  between  coarse  soil  and  mass  at  Spirit  Mnt,  NV. 

33J1  Organics 

The  hydrogen  method  was  used  in  the  fitting  process  to  calculate  the  organic 
concentrations.  As  discussed  in  section  3.1.S,  two  alternative  methods  which  use  the 
remaining  mass  and  organic  carbon  can  also  be  used  to  estimate  the  organic 
concentration.  The  remaining  mass  method  can  be  applied  to  all  stations,  but  only  two 
stations  in  the  NESCAUM  data  set  contain  the  organic  carbon  measurements. 

Figure  20  presents  a  comparison  of  organics  by  the  hydrogen  and  remaining  mass 
methods  for  all  locations  and  quarters.  The  dotted  line  is  the  one  to  one  line  while  the 
solid  line  is  the  linear  regression  line.  The  organic  concentrations  from  the  hydrogen 
method  are  those  obtained  from  the  fitting  process.  The  constant  used  to  estimate  the 
organics  by  remaining  mass  was  the  larger  ainstant  of  0.67  found  from  the  RESOLVE 
study.  As  can  be  seen,  these  two  techniques  correlate  very  well,  r  =  0.96.  This  is 
consistent  with  the  analysis  of  the  NESCAUM  data  by  Poirot  et  al.,  (1990(20))  The  high 
correlation  adds  a  degree  of  confidence  that  the  two  very  different  methods  are 
estimating  the  same  quantity.  The  only  problem  is  that  the  magnitudes  of  the  two 
methods  differ.  At  high  organic  concentrations  the  organics  by  the  hydrogen  method  are 
about  15%  larger  than  those  by  the  remaining  mass  method.  However,  at  low  organic 
concentrations  this  is  reversed  with  organics  by  remaining  mass  being  about  15%  larger. 

A  comparison  between  the  remaining  mass  and  hydrogen  methods  for  the 
stations  west  of  the  Mississippi  is  presented  in  Figure  21A.  This  constitutes  the  lower 
half  of  Figure  20  where  the  concentrations  are  much  smaller.  In  this  region,  the 
organics  by  remaining  mass  are  larger  than  those  estimated  by  hydrogen,  especially  for 
the  southwestern  stations  which  have  the  lowest  organic  concentrations.  This  difference 
can  be  resolved  by  using  a  smaller  constant  for  the  remaining  mass  method.  For 
example,  using  a  scaling  factor  of  0.6  as  apposed  to  0.67  reduces  the  remaining  mass 
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Orgopic  Moss  by  Remoinii-'g  Moss 
ng/ m3 


Figure  20.  A  conpuisoa  betweea  tke  lemiwig  Mfc  aad  hjrdrogea  nethodt  toettiawte  tke 
Mgeaict  for  all  sUtioas  aad  qaarten. 
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Organic  Moss  by  Hydrogen 
ng/m3 


Orgonic  Moss  by  Hyd.'ogr-:-. 
nt)/rli3 


Kgu<e21.  AttwpMMoabetweeitheic— hilig— ■>— diiydfogMaetliod«toeitiitette 
oqpuocsfor  A)  aliof  tkewettenatesaMiB)  all  of  tibeeasteni  sites. 
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average  to  about  that  of  the  organics  by  hydrogen  with  only  slightly  changing  the  slope 
and  correlation  coefficient  of  the  regression  line. 

A  comparison  of  the  two  methods  in  the  East  is  presented  in  Figure  21B.  In  this 
region  the  organics  by  the  remaining  mass  is  generally  lower  than  that  by  the  hydrogen 
method.  Since  the  remaining  mass  constant  used  was  a  higher  bound,  the  difference 
cannot  be  resolved  by  increasing  this  constant.  At  Qubbin  Summit,  MA  and  Whiteface 
Mnt.  NY  the  data  contains  measurements  of  the  organic  carbon.  In  Figure  22,  all  three 
estimates  of  organic  mass  for  these  two  stations  are  presented.  At  both  sites  and  all  four 
quarters  the  hydrogen  method  has  a  larger  concentration  than  the  other  two  methods 
which  are  comparable  in  concentration.  This  suggests  that  the  hydrogen  method 
overestimated  the  true  organic  concentration  in  this  region. 

The  overestimations  seems  to  be  restricted  to  the  NESCAUM  data.  As  was 
determined  previously,  the  organic  mass  at  the  NPS-NFPN  sites  in  the  Southeast  and  at 
Acadia,  ME  all  accounted  for  a  smaller  fraction  of  the  mass  than  the  NESCAUM 
stations,  see  section  3.23  concerning  the  sensitivity  analysis.  In  Figure  21B  the  data 
points  from  these  stations  have  been  circled.  The  organic  matter  at  all  of  these  points 
estimated  by  the  remaining  mass  is  either  larger  than  or  equal  to  that  estimated  by  the 
organic  hydrogen. 

The  overestimation  at  the  NESCAUM  sites  may  have  resulted  from  making  the 
sulfate  too  acidic,  for  as  presented  in  the  eastern  sensitivity  analysis  in  section  3.23,  the 
organic  concentration  by  hydrogen  was  highly  dependent  on  the  cation  concentration. 
The  more  acidic  the  sulfate,  the  smaller  the  cation  concentration,  and  the  larger  the 
estimate  for  the  organic  mass.  It  was  found  that  by  performing  the  fitting  process  on 
only  the  NESCAUM  stations  an  equivalent  fit  was  found  by  assuming  pine  anunonium 
sulfate  and  increasing  the  water  constant.  Poirot  et  al.,  (199l(^^))  found  very  good 
agreement  between  the  three  methods  by  assuming  such  (ximplete  neutralization  of  the 
sulfate. 
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By  assuming  pare  ammonium  sulfate  for  the  eastern  NPS-NFPN  station  we 
obtain  very  different  results.  As  seen  in  Figure  14,  using  pure  ammonium  sulfate  in  the 
third  quarter  reduced  the  organic  mass  to  less  than  5%.  This  presents  a  definite 
incompatibility  between  the  NESCAUM  and  NPS-NFPN  data  sets. 

3.4  Comparison  of  Aerosol  Equations  and  Constants  to  Other  Studies 

The  final  equations  and  constants  used  to  find  the  aerosol  types  concentrations 
are  summarized  in  Tables  2,3,  and  4.  Table  S  presents  the  equations  and  constants  used 
by  Cahill  et  al.,  (1989(25))  on  the  NPS-NFPN  data,  and  Poirot  et  al.,  (1991(56))  on  the 
NESCAUM  data.  Both  of  these  studies  were  conducted  on  data  averaged  over  the 
data’s  time  span.  These  studies  estimated  all  constant  a  priori,  consequently,  a  fitting 
process  was  not  used. 

There  are  several  differences  between  the  equations  and  constants  used  for  the 
NPS-NFPN  data  from  this  study  and  those  in  Table  S.  First  of  all,  Cahill  et  aL, 
(1989(^))  did  not  calculate  the  water  and  salt  concentrations.  In  their  soil  equation 
they  did  not  separate  the  soil  and  smoke  potassium,  and  they  felt  that  the  soil  equation 
underestimated  the  true  soil  concentration  by  16%.  For  the  soot,  they  did  not  make  a 
correaion  of  200  ng/m^  as  we  did.  Last,  their  organic  constant  is  only  11  compared  to 
our  13.  This  difference  is  due  to  their  not  accounting  for  the  loss  of  volatile  organics. 
The  cation  constants,  which  are  similar  to  ours,  were  found  by  estimating  the  acidity  of 
the  sulfate  aerosols. 

A  number  of  differences  also  exist  between  the  equations  and  constants  used  in 
this  study  and  those  used  by  Poirot  et  al.,  (1991(56))  on  the  NESCAUM  data.  For  the 
cation  constant,  they  assumed  a  fully  neutralized  sulfate  whereas  in  this  study  the 
sulfate  was  assumed  to  be  acidic.  Also,  like  Cahill  et.  al.,  (1989(25)),  they  increased  the 
estimated  soO  concentration  by  16%.  The  organic  constant  they  used  was  13.75  which  is 
close  the  constant  of  13  which  we  used.  They  determined  this  constant  by  comparing 
the  low  and  high  temperature  organics  by  combustion  of  the  organic  carbon  collected  at 
two  of  the  NESCAUM  sites. 
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Table  4.  Eqaatiras  and  auamptioos  need  to  esdmate  the  Hoe  aerosol  types  io  this  study. 


Sulfate: 

Cation: 

Water: 

Soil: 

Soot: 

Sea  Salt: 

Ofganks: 


Sulfate  =  3*S 

-all  sulfur  is  in  the  form  of  sulfate,  S04'^ 

A)  West  Cation  =  1.125*S 
-all  sulfur  is  ammonium  sulfate 

B)  East  Cation  =  C^j^m  *  1.125*8 

-the  cation  represents  (NH4''')xHy 

Water  =  Crater  *  (Sulfate  +  Cation) 

-Majority  of  water  is  associated  with  sulfate 

SoU  =  1.89*Al+2.14*Si+1.4*Ca+1.35*Fe+1.2*SoilK 
-all  elements  are  in  their  oxide  forms 
-these  elements  account  for  the  majority  of  the  soil 
-SoOK  is  the  non  smoke  potasdum  equal  to  0.12*Si 
-Fe  is  equally  split  between  FeO  and  Fe203 

A)  NFS  Stations:  Soot  =  (Abs-200) 

-aQ  absorption  is  caused  by  soot 

-the  absorption  efHciency  is  10  m2/g 

-the  Abs  coefficient  is  systematically  overestimated  by  200  ng/m^ 

B)  NESCAUM  Stations:  Soot  =  Abs/2 
-the  soot  absorption  efficiency  is  20  m2/g 

A)  NFS  Stations:  Sea  Sait  =  32*(NA-15) 

-sodium  constitutes  31%  of  sea  salt 

-the  averaged  sodium  was  biased  by  IS  og/va? 

B)  NESCAUM  Stations:  Sea  Sait  =  32(NA) 

-ail  Na  concentrations  below  the  detection  limit  were  set  to  1/2  the  MDL 

Organic  =  CQ,g*(H  -  Cation/Coost) 

-all  hydrogen  is  associated  only  with  sulfate  and  organics 


56 


Tabic  S.  EqaatiMU  and  coaatanU  lued  on  the  NPS-NFPN  and  NESCAUM  data  acta  in  previona 
studies. 


NPS-NFPN  Aeroad  Eqnationa  (CahiU  et  al..  1969(25)) 

Sulfate;  Sulfate  =  3*S 

Cation:  A)  West  Cation  =  1.125*S 

B)  East  Cation  =  Ccadon  * 

Soil:  Soil  =  1.16*(1.89*Al+2.14*Si+1.4*Ca+135*Fe+12*K) 

Soot:  Soot  -  Absorption  coefEcient 

Organics:  Organic  >  Cofg*(H  -  Cation/Const) 

NPS-NFPN  Aeroad  Constanta 


Acadia 

3.77 

Shenandoah  : 

3.77 

Snokey  Mnt. : 

3.77 

Buffalo  River: 

3.94 

All  Stations  : 

11 

NESCAUM  Aeroad  Eqnatiooa  (Poirot  et  al.,  199l(^)) 

Sulfate:  Sulfate  =  3*S 

Cation:  Cation  *  1.12S*S 

Soil;  Soil  =  1.16*(1.89*Al+2.14*Si+1.4*CB+135*Fe+12*SoilK) 

Soot;  Soot  =  Absorpdon  coefrideat/2 
Organics:  Organic  >  Co(g*(H  -  Cadon/Contt) 

NESCAUM  Aeroad  Coaataata 

nr|.nirr/^ctam 

All  Stations:  II 
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3^  Application  of  the  Aerosol  Equations  to  the  Coarse  Mass 

Three  aerosol  equations,  soil,  sulfate,  and  cadon,  were  defined  to  partidon  the 
coarse  mass.  The  soil  and  sulfate  aerosol  equadons  were  fully  defined.  This  left  only 
the  cadon  constant  to  be  determined.  Instead  of  performing  another  fitting  process  we 
chose  to  use  the  same  constants  found  from  fitdng  the  fine  aerosol  mass. 

Although  no  fitting  process  was  necessary,  there  were  two  possible  aerosol 
equadons  for  the  calculadon  of  the  coarse  soil.  In  this  secdon,  we  will  look  at  these  two 
equadons  to  determine  the  best  approach  to  calculating  the  coarse  soil  concentration. 
We  will  then  compare  the  calculated  coarse  mass,  the  sum  of  the  soil,  sulfate,  and 
cat  <  'n,  to  the  measured  coarse  mass. 

3J5.1  Coarse  Soil 

The  two  methods  available  to  calculate  the  coarse  soil  were  the  oxide  method, 
which  scaled  up  the  conunon  soil  elements  to  their  assumed  oxide  forms,  and  a  method 
which  scaled  up  one  aerosol  species  by  its  assumed  soil  content  ratio,  see  section  3.1.3. 
The  oxide  method  was  first  examined,  and  the  results  can  be  seen  in  Figure  23,  a 
comparison  between  the  coarse  soil  and  the  coarse  mass.  Note  that  the  slope  of  a  line 
estimating  the  scatter  changes  at  the  tail  end  of  the  plot  where  the  coarse  mass 
concentration  is  small.  The  effect  of  the  changing  slope  can  be  seen  in  Figure  23B 
where  the  normalized  soil  and  coarse  mass  are  compared.  At  the  data  points  with  low 
mass  concentrations  there  is  a  sudden  increase  in  the  normalized  coarse  mass.  This 
abnormality  at  low  mass  concentrations  was  not  seen  in  the  fine  soil  and  is  not 
reasonable. 

On  examining  the  raw  coarse  data,  it  was  found  that  the  aluminum 
concentrations  were  the  cause  of  this  deviation.  Figure  24  presents  a  scatter  plot 
comparing  the  quarterly  averaged  aluminum  and  the  coarse  mass.  The  aluminum  has 
been  scaled  by  its  assumed  soil  content,  and  normalized  by  the  coarse  mass.  As  shown, 
the  scatter  plot  is  greatly  skewed  for  those  data  points  with  low  coarse  mass.  These  are 
the  same  points  which  were  skewed  in  Figure  23. 


58 


Meosufed  Coorse  Moss  ng/mi 


Figure  23.  A)  A  comparison  betweeo  tbe  coarse  soil  and  the  measured  coarse  mass.  The  soil 
was  estimated  by  the  oxide  method.  B)  The  calculated  coarse  sml  normalized  by  the 
coarse  mass  is  compared  to  the  coarse  mass. 


T^Coorse  Ai/Coarse  Mass 
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The  cause  of  the  skewed  data  could  be  due  to  an  inadequate  matrix  correction 
during  the  PIXE  analysis  of  the  elemental  data.  As  discussed  in  section  2.1,  the  lower 
the  molecular  weight,  the  larger  the  corrections  that  were  necessary.  Examination  of 
the  silicon  data  showed  only  a  slight  bias,  and  the  iron  data  showed  no  bias  at  all.  Both 
silicon  and  iron  have  greater  molecular  weights  than  aluminum  with  iron  being  more 
than  twice  as  heavy  as  aluminum.  Due  to  the  bias  of  the  aluminum  data  the  oxide 
method  could  not  be  used  to  estimate  the  coarse  soil. 

To  employ  the  alternative  method  we  examined  silicon  and  iron  as  the  tracer 
species.  As  discussed  in  section  3.1.3,  these  species  were  scaled  by  assuming  that  the 
silicon  constituted  28%  of  the  soil  and  iron  constituted  4%.  In  Figure  25,  these  two  soil 
estimates  are  compared.  These  methods  give  different  results  with  the  iron  estimating 
about  20%  more  for  the  coarse  soil  than  the  Si.  Consequently,  the  choice  in  spedes 
does  make  a  difference  and  adds  some  uncertainty  to  this  method.  After  examining  the 
coarse  silicon  it  was  found  that  there  was  a  slight  bias  to  the  data  like  that  seen  for  the 
coarse  Al.  This  is  one  possible  reason  for  the  difference  in  soil  concentrations 
estimated  from  using  Si  and  Fe.  For  this  reason,  we  chose  to  use  the  coarse  Fe  to 
calculate  the  coarse  soil. 


3  J.2  The  Calculated  Coarse  Mass 

The  application  of  the  three  aerosol  equations,  soil,  sulfate,  and  cation,  to  the 
coarse  aerosol  is  presented  in  Figure  26.  As  can  be  seen  in  the  scatter  plot,  there  is 
excellent  correlation  between  the  calculated  and  measured  mass,  however,  the  slope  is 
only  0.74.  As  seen  from  the  residual  plot,  the  unaccounted  mass  is  approximately  30% 
on  average.  As  previously  diseased  the  majority  of  the  coarse  aerosol  mass  is  soil.  In 
light  of  this,  having  30%  of  the  coarse  mass  unaccounted  for  seems  high.  However, 
other  researchers  have  found  similar  result  (Madas  et  al.,  1981(29);  Lewis  and  Madas 
1980(27)). 
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Rgore  26.  A)  A  conparisoii  between  the  calcnlated  couve  mast  and  the  measnred  coarse  nuts 
B)  The  retidnak  of  the  cakolated  coarse  mass. 
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4.  SPATIAL  AND  SEASONAL  DISTRIBUTIONS  OF  AEROSOL  TYPES 


This  section  presents  the  results  of  the  partitioning  of  the  aerosol  data  into 
aerosol  types.  Both  the  fine  mode  of  NPS-NFPN  and  NESCAUM  data  and  the  coarse 
mode  of  the  NPS-NFPN  data  will  be  examined.  The  fine  mode  data  were  partitioned 
for  both  data  sets  by  applying  all  seven  aerosol  type  equations  and  fitted  constants  in 
Table  2, 3,  &  4.  For  the  coarse  mode,  only  equations  to  estimate  the  soil,  sulfate,  and 
cation  were  applied  to  the  NPS-NFPN  data  set. 

4.1  Hie  Aerosol  Types  for  the  Fine  Mass 

The  results  of  the  partitioning  of  the  quarterly  averaged  fine  mass  are  presented 
in  Figures  27-34.  These  figures  have  been  divided  into  spatial  and  regional  categories. 
The  spatial  plots  in  Figures  27-30  depict  the  mass  fractions  of  the  different  aerosol  types 
for  eadi  station,  while  the  regional  plots  in  F^ures  31-34  present  the  average  mass 
fractions  and  concentrations  for  specified  regions. 

To  create  the  regional  plots,  five  areas  were  defined  which  represented  the 
diaracteristics  of  each  region.  Figure  35.  Each  region  in  tins  figure  has  been  numbered 
which  will  be  referred  to  as  1-Northeast,  2-Southeast,  3-Northwest,  4-Southwest,  and  5- 
Smelter  region.  Figures  31  &  32  presents  the  mass  fractions  of  the  average  aerosol 
types  for  each  area  defined  in  Figure  35  as  pie  charts  for  each  quarter.  The 
concentrations  of  these  average  aerosol  types  are  presented  in  Figures  33  &  34  as  bar 
charts.  The  data  from  whidi  these  figures  were  created  from  is  presented  in  Appendix 
A  in  Tables  7  &  8. 

In  this  section,  the  magnitudes  and  trends  of  each  aerosol  type  will  be  discussed 
using  these  plots.  Also,  the  mass  ratios  of  the  sulfates  and  organics  will  be  contrasted 
with  those  of  previous  studies,  and  we  will  reexamine  the  validity  of  the  applied  aerosol 
equations  developed  in  section  3. 
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28.  The  mas  fractioa  of  each  ftae  aerosol  type  at  every  iocatioa  for  qnarter  2. 
of  each  pie  chart  is  depeadeat  OB  the  fiae  aass  coBoeatratioB. 
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Northeast 


Southeast 


Quarter  1 


Quarter  2 


Quarters 


Quarter  4 


H  SQ4  NH4  m  Water  |||||  Organic 

FineSoU  Q]  Soot  g  Salt  ^  Unknown 

Figure  31.  The  average  mass  fracticm  of  the  sevea  aerotol  types  and  the  nakaowa  for  the 
NtHtheast  and  Southeast  as  deflaed  ia  Pigme  35. 
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ConcenUolion  (ng/m3) 


Best  Fit  Aerosol  Composition 


6000.0  •  Northeast 


7500.0 


Southeast 


Quarter  1  ■!  Quarter  t.  ■  Quarter  3  B  Quarter  4 


ngore  33.  Tl^  cracentrations  of  the  seven  aerosol  types  aad  the  miknowa  for  each  qurter 
the  Northeast  and  Southeast  as  defined  in  Figatc  3S. 


Best  Fit  Aerosol  Composition 


Figure  34.  The  concentrations  of  the  seven  aerosol  types  and  the  unknown  for  each  quarter  in 
the  Northwest,  Southwest,  and  Smelter  region  as  deHned  in  Figure  3S. 
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Kgore  35.  The  stations  that  were  averaged  over  to  define  the  five  regions  (d  the  U.S..  The  five 
r^ons  are:  1)  Northeast,  2)  Sontheast,  3)  Northwest,  4)  Southwest,  S)  Smelter  Region. 


4.1.1  Fine  Mass 


The  concentration  of  the  fine  mass  for  each  quarter  and  station  is  displayed  in 
Figure  36.  As  shown,  there  is  a  substantial  increase  in  the  mass  concentration  from  the 
cold  season  Q1  and  Q4,  to  the  warm  season  Q2  and  Q3  in  the  East  and  southwestern 
U.S..  The  mass  in  the  Northwest  is  rather  invariant,  but  there  are  a  few  exceptions. 
Mount  Rainier  WA,  has  a  mass  increase  of  300%  between  quarters  one  and  three. 
During  the  third  quarter  the  Southwest  and  East  experience  the  largest  aerosol 
concentrations  of  the  year. 

The  mass  concentration  in  the  East  is  larger  than  the  West  for  all  four  quartets. 
The  Southeast  generally  has  larger  concentrations  during  the  warm  season  then  the 
Northeast,  but  this  reverses  during  the  cold  season.  In  the  West,  the  stations  located  in 
the  central  states  have  smaller  mass  concentrations  than  the  other  stations  for  ail 
quarters.  During  quarters  1  and  4  the  mass  in  the  West  increases  from  the  south  to  the 
north,  but  for  the  warm  season  the  concentration  is  much  more  uniform. 

4.1.2  Sulfate,  Cation,  and  Water 

Sulfate,  cation,  and  water  are  three  aerosol  types  which  are  all  associated  with 
particulate  sulfur.  As  discussed  in  section  3.1.1,  these  concentrations  were  all  calculated 
by  scaling  up  the  measured  sulfur  concentration.  The  fine  mass  fraction  that  these  three 
aerosol  types  constitute  are  presented  in  Figures  27-30  where  the  fine  mass  is  divided 
into  aerosol  types  using  pie  charts  for  every  station.  The  size  of  each  pie  is  dependent 
on  the  fine  mass  concentration. 

The  mass  fraction  of  the  sulfur  aerosol  types  varies  both  temporally  and 
spatially.  In  the  Northeast  there  is  little  variation  between  stations.  As  can  be  seen 
from  the  regional  pie  diagrams.  Figures  31,  the  sulfur  aerosol  types,  sulfate,  cation,  and 
water,  account  for  approximately  50%  of  the  mass  for  all  four  quarters.  This  fraction 
increases  in  the  Southeast  where  they  make  up  between  55  and  65%  of  the  fine  mass. 
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Fignte  36.  The  iiae  mss  coaceatntioa  at  each  stati<w  aad  quarter. 


In  the  West,  sulfur  aerosol  types  generally  constitutes  a  smaller  fraction  of  the 
fine  mass.  This  faction  though,  is  quite  variable  over  different  region  in  the  West.  At 
the  stations  located  more  to  the  East  and  in  the  Smelter  region,  defined  in  Figure  35, 
these  aerosol  types  are  an  important  component  to  the  mass  accounting  for  about  50% 
during  the  warm  season  and  somewhat  less  during  the  cold  season.  This  faction 
deaeases  for  the  stations  farther  to  the  north  and  west.  During  the  cold  seasons  at  the 
stations  in  the  upper  Northwest  the  sulfur  aerosol  types  account  for  less  than  25%  of  the 
mass. 


Spatial  plots  of  the  sulfur  aerosol  types,  sulfate,  cation,  and  water,  concentrations 
are  displayed  in  Figures  37-39.  As  can  be  seen,  sulfate  is  the  major  constituent 
accounting  for  about  60%  of  the  mass  of  the  sulfur  aerosol  types.  The  sulfate 
concentration  closely  follows  the  trends  of  the  fine  mass.  Consequently,  higher 
concentrations  are  seen  in  the  warmer  seasons  than  the  colder  seasons.  Also,  there  is 
more  sulfate  in  the  East  than  the  West,  and  the  third  quarter  experiences  the  largest 
concentrations  for  the  year.  In  the  East,  there  is  a  decreasing  sulfate  concentration 
gradient  from  the  south  to  the  north.  In  the  West,  the  concentrations  decrease  from  the 
Southwest  to  the  Northwest  with  the  smallest  concentrations  occurring  in  northern 
California  and  Oregon  during  quarters  1  and  4.  The  largest  western  concentrations  arc 
seen  in  the  Smelter  region  during  the  warm  season. 

Like  the  sulfate,  the  cation  in  the  West  was  assumed  to  be  a  constant  fraction  of 
the  sulfur.  In  the  East  where  the  sulfate  acidity  Js  vanable,  the  cation  trends  vary 
considerably  from  the  sulfate.  The  estimated  cation  concentrations  were  found  from 
the  fitting  process  discussed  in  section  3.2.2.  As  displayed  in  Figure  38,  the  cation 
concentrations  are  largest  during  the  second  quarter  with  the  highest  concentrations 
occurring  at  the  two  southern  stations  Great  Smokey  Mnts,  TN  and  Shenandoah,  VA 
where  they  are  about  1700  ng/m^.  Although  the  third  quarter  has  the  largest  sulfate 
concentrations,  it  also  is  the  most  acidic  quarter.  Consequently,  this  quarter  has  the 
smallest  cation  concentration  with  less  than  700  ng/m^  for  the  Northeast.  The  third 
quarter  cation  concentrations  is  the  only  quarter  where  the  Southwest  has  a  larger 
concentration  than  the  East.  The  cation  concentrations  at  Buffalo  River,  AR  differed 
from  the  rest  of  the  East,  because  the  aerosol  acidity  remained  constant  for  all  four 
quarters. 
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Figure  39.  The  calculated  water  conceatratiou  at  each  statioo  aud  quarter. 


Since  the  samples  acclimatized  to  the  U.C.  Davis  laboratory  climate  before 
analysis,  the  magnitude  of  the  water  concentrations  determined  in  this  study  offers  little 
information  to  the  water  content  of  the  in  situ  aerosol.  However,  the  water  content  is 
partly  dependent  on  the  relative  humidity  during  collection  which  enters  our  estimation 
through  the  hysteresis  effect. 

As  shown  in  Figure  39,  the  estimated  water  content  of  the  laboratory- 
equilibrated  aerosol  is  largest  in  the  East  where  the  high  sulfur  concentrations  exist.  On 
the  other  hand,  the  water  is  relatively  constant  throughout  the  entire  West  with  the 
highest  concentrations  occurring  in  the  state  of  Washington  and  in  the  Smelter  region. 
The  water  content  is  largest  during  the  third  quarter  in  all  regions,  and  rather  constant 
for  the  other  three  quarters. 

4.1.2.1  Comparison  of  Sulfate  Mass  Fractions  To  Other  Studies 

It  has  been  well  established  that  the  majority  of  particulate  sulfur  is  in  the  form 
of  S04*2.  Since  sulfate  can  be  measured  accurately,  the  mass  fraction  of  sulfur  should 

be  generally  equivalent  for  different  data  sets  if  the  sampling  periods  are  similar.  Table 
6  presents  the  sulfate  and  organic  mass  fraction  from  various  studies.  All  stations  are 
located  in  a  rural  area,  and  the  values  presented  reside  in  the  fine  mass  fraction.  Also, 
in  the  table  are  values  from  this  study  presented  for  those  stations  which  are  the  same 
or  in  the  same  area  as  a  station  in  the  literature.  The  literature  values  in  the  table  can 
be  compared  to  Figures  27-32  and  Table  7  in  Appendix  A. 

As  shown  in  Table  6,  the  two  southeastern  stations,  Smokey  Mnts  and 
Shenandoah,  have  data  analyzed  in  previous  studies,  and  their  sulfate  values  are  about 
equivalent.  This  is  not  the  case  in  the  Northeast.  The  Lenox,  MA  is  the  only 
northeastern  station  from  the  literature  we  have.  Its  sulfate  mass  fraction  is  about  48% 
compared  to  about  35%  for  the  NESCAUM  sites.  However,  the  NESCAUM  data  are 
comparable  to  that  at  Laurel  Hill  and  Allegheny  Mnt,  PA  reported  by  Japar  et  al., 
(1990(58)). 


80 


Table  6.  Snlfate  and  organic  masi  fractions  from  various  studies. 


Reference 

Location 

Period 

Sampling 

Duration 

FM 

ug/m^ 

Sulfate 

Organics 
%FM . 

EAST 

57 

Lenox,  MA 

03, 1984 

24h 

20 

48 

9 

This  Study 

Ringwood  St.  Park,  NJ 

03 

24h 

14 

35 

44 

58 

Allegheny  Mnt,  PA 

03, 1983 

24h 

64 

30 

4 

58 

Laurel  Hill,  PA 

03, 1983 

24h 

59 

33 

5 

43 

Lewis,  DE 

03, 1983 

24h 

17 

43 

34 

43 

Lewis,  DE 

01, 1984 

24h 

15 

35 

22 

44 

Luray,  VA 

03,1980 

24h 

26 

45 

25 

This  Study 

Shenandoah,  VA 

03 

72  h 

16 

45 

29 

59 

Great  Smokey  Mnts.,  TN 

03, 1980 

24h 

24 

50 

13 

This  Study 

Great  Smokey  Mnts.,  TN 

03. 

72  h 

16 

46 

24 

ModhJfat 


60, 61*  Little  Butte.  ID 

1986-87 

day 

5 

20 

39 

60, 61^  Harlowton,  MT 

1986-87 

day 

4 

20 

41 

60,61®  Pathfinder,  WY 

1986-87 

day 

5 

16 

33 

62b 

Portland,  OR 

1977-78 

day 

17 

12 

45 

This  Study 

Crater  Lake,  OR 

Year 

72h 

3 

14 

43 

South  West 

Vf- 

Zlilnez  Mesa,  AZ 

6/26-7/13/79 

24h 

6 

31 

29 

2ld 

Spirit  Mountain,  NV 

1985-86 

24h 

4 

29 

20 

7® 

Spirit  Mountain,  NV 

1986-87 

24h 

4 

29 

21 

7® 

Mcadview,  AZ 

1986-87 

24h 

4 

33 

22 

7C 

Prescott,  AZ 

1986-87 

24h 

3 

41 

23 

76 

Grand  Canyon,  AZ 

1986-87 

24h 

3 

33 

20 

This  Study 

Grand  Canyon,  AZ 

Year 

72h 

3 

29 

18 

63 

Grand  Canyon,  AZ 

Winter ’86-87 

24h 

3 

34 

14 

This  Study 

Grand  Canyon,  AZ 

01,04 

72  h 

2 

30 

24 

7« 

Page,  AZ 

1986-87 

24h 

4 

31 

24 

63 

Page,  AZ 

Winter  *86-87 

24h 

3 

28 

40 

76 

Bryce  Canyon,  UT 

1986-87 

24h 

3 

31 

19 

This  Study 

Bryce  Canyon,  UT 

Year 

72h 

2 

31 

23 

60, 61®  Encino,  NM 

1981-82 

day 

4 

29 

30 

60,61®  Walsembuig,  CO 

1981-82 

day 

5 

20 

28 

60, 61®  Ouray,  UT 

1981-82 

day 

6 

12 

31 

60,61®  Delta,  UT 

1981-86 

day 

5 

21 

30 

60, 61®  Hsh  Creek  Ranch 

1981-86 

day 

6 

11 

20 

81 


Table  6,  Conf iiwed; 


Reference  Location 

Period 

Sampling 

Duration 

FM 

ug/m3 

Sulfate  Organics 
- %FM . 

• 

60, 61*  Sierra  Vista,  AZ 

This  Study  Chiricahua,  AZ 

1981-82 

year 

72  h 

day 

4 

8  3119 

40  11 

- 

tists& 

a.  The  avcnip  values  were  obtained  from  Table.  42-1  in  the  NAPAP  (199i(^))  report. 

b.  Organic  carboD  was  collected  00  g^4ss  liber  filters.  The  averages  were  obtained  from  the  two  rural 

ates  in  the  study. 

c.  The  averages  at  Ziloez  Mesa,  AZ  excluded  die  data  from  July  5  udiicb  was  dominated  by  smoke  frmn 

near  by  wildfires 

d.  The  osganic  values  were  obtained  from  Table  42-1  in  the  NAPAP  (I99l(^))  report. 

e.  The  data  at  this  station  was  collected  by  the  SCENES  network.  The  average  values  were  obtained 

from  Table  42-1  in  the  NAPAP  (199lC7))  import. 
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In  the  Northwest  there  is  excellent  agreement  between  this  study  and  the 
literature.  At  Portland  OR,  the  sulfate  fraction  is  12%,  At  two  NPS-NFPN  stations 
located  close  to  this  site,  Crater  Lake,  OR  and  North  Cascades,  WA  the  yearly  averaged 
mass  fraction  is  about  15%.  Those  stations  in  the  vicinity  of  Little  Butte,  ID  and 
Harlowton,  MT  all  have  yearly  average  values  around  20%. 

The  Soi  thwest  also  agrees  very  well  with  the  literature.  The  identical  stations  in 
the  literature,  Table  6,  and  this  study  have  very  good  agreement.  Additionally,  the 
overall  average  of  the  sulfate  mass  ratios  of  all  the  southwestern  literature  ratios  is 
28%,  and  the  average  for  ail  of  the  southwestern  data  in  this  study  is  also  28%. 
Although  the  Sierra  Vista  is  located  in  the  Smelter  region,  its  sulfur  mass  fraction  is 
similar  to  the  stations  in  the  Southwest.  Its  sulfate  mass  fraction  is  about  10%  less  than 
the  stations  in  this  region  from  this  study. 

4.13  Organics 

The  organic  aerosol  is  a  very  important  component  of  the  fine  particle  mass. 
The  method  used  to  estimate  the  organic  aerosol  was  desaibed  in  section  3.1.4.  As 
displayed  in  Figures  27-30,  the  organics  in  the  Northeast  account  for  a  little  more  than 
30%  of  the  fine  mass  for  quarters  12  and  4.  During  quarter  3  this  fraction  increases  to 
over  40%  of  the  fine  mass.  Note  that  during  the  forth  quarter,  organics  at  Acadia,  ME 
account  for  about  24%  of  the  fine  mass  compared  to  32%  for  the  surrounding  stations. 

The  seasonal  variation  of  the  organics  to  fine  mass  ratio  for  the  three 
Southeastern  stations  is  the  same  as  that  in  the  Northeast,  except  the  organic  fraction  is 
about  10%  less  for  all  four  quarters.  The  differences  between  Acadia,  ME  and  the 
southeastern  station  from  the  NESCAUM  stations  will  be  addressed  in  the  following 
section. 

In  the  West,  the  mass  fraction  of  the  organics  varies  widely  with  space  and  time. 
It  becomes  a  larger  part  of  the  fine  mass  at  those  stations  more  to  the  north  and  west. 
At  the  Grand  Canyon,  during  the  second  quarter  the  organic  mass  accounts  for  less  then 
5%  of  the  fine  mass,  but  during  the  fourth  quarter  at  North  Cascades,  WA  it  accounts 
for  almost  50%  of  the  fine  mass.  The  temporal  pattern  for  the  West  follows  closely  that 
of  the  East,  except  for  the  upper  Northwest  comer  of  the  country.  Here  the  organics 
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account  for  a  large  fraction  of  the  mass  particularly  during  the  winter  season  where 
more  than  45%  of  the  fine  mass  is  due  to  organics.  Although  Yosemite  is  located  in  the 
southwestern  part  of  the  country,  its  organic  patterns  are  more  like  those  in  the  upper 
Northwest. 

The  si^tial  distribution  of  the  organic  concentrations  are  displayed  in  Figure  40. 
The  Northeast  has  much  higher  concentrations  then  the  rest  of  the  a>untiy  for  all  four 
quarters.  In  the  East,  the  largest  concentrations  occur  during  the  third  quarter  where 
the  Southeast  has  organic  concentrations  on  the  order  of  4000  ng/m3,  and  Northeast  has 
organic  masses  between  4500  -  6500  ng/m^. 

In  the  West,  two  spatial  concentration  gradients  are  apparent.  The  organics 
increase  from  east  to  west,  and  from  the  south  to  the  north.  The  Northwest  contains  the 
largest  western  concentrations  during  quarter  1  where  the  concentrations  are  generally 
greater  than  2000  ng/m^  and  even  reach  3000  ng/m^  at  Nonh  Cascades,  WA.  The 
stations  located  in  the  Southwest,  east  of  CA,  show  the  smallest  concentrations  in  the 
country,  generally  less  than  700  ng/m^  for  all  four  quarters.  The  concentrations  here 
are  rather  invariant  with  time,  but  the  third  quarter  does  experiences  a  slightly  higher 
concentration. 

4.13.1  Comparison  of  Organic  Mass  Fractions  To  Other  Studies 

Organic  mass  fractions  determined  in  other  studies  are  presented  in  Table  6. 
These  values  were  all  calculated  from  organic  carbon  collected  on  quartz  filters  except 
at  the  Portland  Oregon  site.  The  >\'RAQS  stations  have  been  corrected  for  organic 
artifact  however,  the  stations  from  the  other  studies  have  not.  The  artifact 
concentrations  on  the  uncorrected  fUters  should  be  a  small  percentage  of  the  total 
organic  mass,  because  the  artifact  concentrations  should  be  a  function  of  the  filter  and 
sampling  time.  The  longer  the  sampling  period,  the  smaller  the  percentage  of  artifact  to 
total  organics  (White,  199l(^)).  All  of  the  studies  taken  from  the  literature  in  Table  6, 
except  the  WRAQS  study,  sampled  over  a  24  hour  period  which  should  be  long  enough 
to  make  the  artifact  negligible. 
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Figwe40. 


The  organic  fraction  we  found  for  Shenandoah  is  very  close  to  that  at  Luray,  VA, 
located  in  the  Shenandoah  valley  and  Lewis,  DE,  located  just  northeast  of  the 
Shenandoah  valley.  In  this  study,  the  organic  fraction  at  Smokey  Mnts  is  comparable  to 
the  Shenandoah  site  as  would  be  expected,  however,  in  the  literature  the  organic  mass 
fraction  at  Smokey  Mnts  was  only  half  of  the  value  we  calculated. 

The  NESCAUM  sites  in  the  Northeast  have  much  larger  organic  mass  fractions 
then  any  of  the  values  found  in  the  literature.  The  two  PA  sites,  Allegheny  and  Laurel 
Hill,  which  have  comparable  sulfate  fractions  to  the  NESCAUM  sites  have  organics  an 
order  of  magnitude  smaller,  4%  compared  to  45%  for  the  NESCAUM  sites.  This 
supports  the  conclusion  determined  in  section  132,  that  the  organics  for  these  stations 
were  overestimated  by  the  hydrogen  method.  However,estimatiog  the  organics  by  the 
hydrogen  method,  assuming  a  fuUy  neutralized  sulfate  cation,  as  previous  discussed 
reduces  the  organic  mass  fraction  to  about  25%  of  the  fine  mass.  This  is  comparable  to 
the  literature  for  the  more  southern  stations,  but  the  northern  stations  in  the  literature 
are  still  much  less. 

Unfortunately,  we  have  found  only  one  study  in  the  East  that  collected  data 
outside  of  August.  As  shown,  the  organic  mass  fraction  at  Lewis,  DE  during  January 
and  February  was  about  22%.  During  the  first  quarter  the  two  southeastern  stations 
had  organic  fractions  around  15%  and  the  corrected  organics  at  the  NESCAUM  sites 
averaged  about  23%. 

As  seen  by  comparing  the  values  in  Table  6  and  Table  7,  the  yearly  average 
organic  mass  fraction  for  the  stations  in  the  West  from  this  study  are  all  about  equal  to 
those  in  the  literature.  The  average  organic  fraction  of  all  the  station  in  the  Northwest 
from  the  literature  is  about  39%.  The  stations  in  this  study  designated  in  the  Northwest 
region  from  Figure  35  have  a  yearly  average  of  37%.  We  do  not  have  any  values  from 
the  literature  averaged  over  less  than  a  year  for  the  Northwest.  Consequently,  we 
cannot  compare  the  seasonal  variation  of  our  data  with  that  in  the  literature. 

In  the  Southwest,  the  yearly  average  organic  mass  fraction  for  this  study  is  about 
20%  where  as  from  the  literature  values  in  Table  6,  the  same  average  is  approximately 
24%.  These  two  averages  are  rather  close,  however,  it  appears  that  our  estimation  is 
low.  This  low  estimation  may  be  due  to  underestimations  in  all  four  quarters,  or  it  may 
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be  due  to  an  underestimation  in  one  or  two  quarters.  Unfortunately,  we  do  not  have 
enough  quarterly  average  organic  mass  fractions  from  the  literature  to  examine  this 
question  fully.  However,  two  station  in  Table  6  located  in  the  Southwest,  Grand 
Canyon,  AZ  and  Page,  AZ  collected  data  only  during  the  winter.  These  two  site  have 
very  different  organic  mass  fractions,  14  and  40%  respectively,  and  gives  a  range  that 
the  organic  fraction  probably  varies  between  in  this  region.  As  shown  in  Figures  27-30, 
most  of  our  data  for  quarters  1  and  4  in  the  Southwest  fall  within  this  range. 

Overall,  the  NPS-NFPN  sites  in  the  East  and  West  are  consistent  with  that  found 
in  the  literature  and  the  alternative  estimation  methods  discussed  in  section  3.3.2.  This 
helps  to  justify  the  process  by  which  the  organics  at  these  stations  were  determined,  and 
the  degree  of  neutralization  of  the  sulfate  anion  for  the  eastern  sites.  The  organic  mass 
fraction  at  the  NESCAUM  sites,  however,  are  much  larger  than  the  values  found  in  the 
literature  and  those  found  using  alternative  methods  previously  discussed. 

It  was  found  that  much  more  reasonable  results  were  obtained  for  the 
NESCAUM  sites  by  assuming  fuU  neutralization  of  the  sulfate  cation  and  increasing  the 
water  constants.  This  makes  water  a  substantial  part  of  the  fine  mass  accounting  for 
almost  25%  in  the  third  quarter.  Although  this  fraction  is  much  larger  than  for  the  NPS- 
NFPN  stations,  it  is  not  unreasonable,  for  in  the  study  conducted  at  the  PA  sites  in 
Table  6,  the  authors  estimated  the  water  to  account  for  38%  at  Allegheny  Mnt  and  44% 
at  Laurel  Hill  after  the  sample  had  acclimated  to  the  laboratory  climate. 

These  results  suggest  that  the  two  data  sets,  NESCAUM  and  NPS-NFPN  are  not 
fully  compatible.  However,  the  equations  and  fitting  process  used  to  determine  the 
final  concentrations  appears  to  produce  reasonable  result  for  both  data  sets  if  the  fitting 
process  is  performed  on  each  data  set  separately. 

4.1.4  Fine  Soil 

The  fine  soil  aerosol  is  relatively  unimportant  in  the  eastern  U.S.  accounting  for 
a  few  percent  of  the  fine  mass  in  all  four  quarters.  Figures  27-30.  However,  in  the  West, 
soil  is  a  very  important  constituent,  and  makes  up  over  30%  of  the  fine  mass  at  several 
stations.  For  the  western  stations,  there  is  generally  a  north  to  Southwest  increasing 
gradient  for  the  fine  soil  mass  fraction.  The  largest  soil  mass  fraction  occurs  in  the 
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Smelter  region  where  soil  constitutes  more  than  30%  of  the  fine  mass  in  quarters  1  and 
2.  The  smallest  fraction  occurs  in  the  Northwest  comer  of  the  country  where  less  than 
15%  of  the  fine  mass  is  attributable  to  soil  for  quarter  4.  At  most  stations  the  fine  soil 
mass  fraction  is  largest  during  the  second  quarter. 

Spatial  plots  of  the  fine  soil  concentration  are  presented  in  Figure  41  for  all  four 
quarters.  One  of  the  more  striking  features  of  these  plots  is  the  temporal  variation.  The 
second  quarter  contains  much  larger  concentrations  then  the  other  three  quarters,  while 
the  fourth  quarter  has  the  smallest  concentration.  In  the  Southwest,  the  second  quarter 
has  a  concentration  greater  than  1000  ng/m^  while  it  is  less  than  500  ng/m^  during  the 
fourth  quarter.  There  is  also  a  distinct  temporal  pattern  between  the  Northwest  and 
Southwest.  In  the  southwestern  region,  quarters  one  and  three  have  comparable 
average  concentrations,  on  the  order  of  750  ng/m^.  In  the  Northwest,  quarter  three  has 
a  much  larger  concentration  then  quarter  one,  300  compared  to  600  ng/m^,  but  quarter 
four  has  comparable  concentrations  to  quarter  one. 

The  smallest  fine  soil  concentrations  exist  during  the  winter  seasons  in  the 
Northeast  where  they  are  generally  less  than  300  ng/m^.  However,  these 
concentrations  increase  for  the  eastern  stations  more  to  the  south  and  west.  In  the 
West,  the  soil  concentrations  increase  from  north  to  the  south.  The  largest 
concentrations  are  in  the  Smelter  region  most  notably  at  Big  Bend  Texas.  The  two  sites. 
Glacier  National  Park  and  Wind  Cave,  SD  located  in  the  Northwest  both  have  soil 
concentrations  comparable  to  those  in  the  Southwest. 

4.U  Soot . 

As  shown  in  Figures  31  &  32,  the  mass  fraction  of  soot  is  variable  uctoss  the 
country.  The  largest  mass  fraction  occurs  in  the  Northwest  and  Northeast  during 
quarters  1  and  4  accounting  for  approximately  7%  of  the  fine  mass,  while  the  smallest 
mass  fraction  occurs  during  quarter  3  of  the  Southeast  accounting  for  about  2%.  There 
is  a  definite  warm  and  cold  season  variation  in  the  upper  Northwest  and  East  with  the 
largest  mass  fractions  occurring  during  the  cold  season.  The  soot  mass  fraction  in  the 
Southwest  is  very  consistent  accounting  for  between  4  and  5%  of  the  fine  mass. 
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As  shown  in  Figure  42,  the  concentrations  in  the  Northeast,  the  NESCAUM 
sites,  are  rather  constant  containing  about  600  ng/m^.  These  concentrations  are  much 
larger  than  the  rest  of  the  country  where  the  soot  concentrations  are  less  than  300 
ng/m^.  In  the  West,  the  concentrations  are  rather  uniform  during  quarters  two  and 
three  with  the  central  states  having  the  smallest  concentrations  around  150  ng/m^. 
During  quarters  one  and  four  the  soot  concentrations  increase  from  south  to  north.  The 
la'gest  western  concentrations  are  in  the  upper  Northwest  for  these  two  quarters  where 
they  are  generally  larger  than  300  ng/m^. 

4.1.6  Salt 

The  salt  mass  fraction  is  very  variable  with  the  coastal  sites  generally  having 
higher  mass  fractions  than  the  inland  sites.  This  variation  can  range  from  less  than  1% 
of  the  fine  mass  in  the  central  western  states  to  up  to  10%  in  Southern  California  during 
quarter  1,  Table  7  and  Figures  31  &  32. 

In  the  Northeast,  there  is  a  strong  seasonal  dependence  with  the  cold  seasons 
accounting  for  about  5%  of  the  fine  mass  while  the  warm  seasons  account  for  less  than 
2%.  The  salt  mass  fraction  in  the  Southeast  is  invariant  with  season  and  accounts  for 
less  than  2%  of  the  mass  for  all  seasons.  In  the  West,  there  is  little  seasonal 
dependen(»,  but  the  second  quarter  in  the  Southwest  generally  h£Ui  the  highest  mass 
fractions  where  the  salt  can  account  for  up  to  7%  of  the  fine  mass. 

As  shown  in  Figure  43,  the  largest  salt  concentrations  occur  in  the  Northeast 
during  the  cold  season  where  they  are  about  400  ng/m^.  The  laigest  concentrations  in 
the  West  occur  during  the  warm  season  at  the  sites  in  southern  CA  and  the  Smelter 
region  where  they  can  exceed  350  ng/m^.  The  inland  sites  have  the  smallest 
concentrations  and  are  approximately  zero  during  the  cold  season. 
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FigBre  43.  The  cakalated  salt  coaccalratioM  at  each  atatioa  aad  qaarter. 


4.1.7  Unknown 


Ute  unknown  is  the  difference  between  the  calculated  mass  and  the  measured 
mass.  Assuming  we  have  taken  into  account  all  of  the  major  aerosol  types  except 
nitrate,  define  in  section  3.1,  the  unknown  should  represent  the  nitrate  aerosol.  The 
trends  of  the  unknown  may  be  representative  of  nitrate,  but  the  magnitude  probably 
are  not.  This  is  because,  part  of  the  magnitude  of  the  unknown  is  a  result  of  any  errors 
in  the  aerosol  equations,  assumptions,  and  the  data  itself.  Also,  while  we  have  probably 
accounted  for  the  major  aerosol  types,  the  unknown  also  contains  all  of  the  minor 
aerosol  types  such  as  fly  ash. 

The  best  way  to  examine  the  trends  of  the  unknown  is  through  its  fraction  of  the 
fine  mass  in  Figures  27-30.  The  unknown  at  the  northeastern  sites  accounts  for  a  very 
small  pcnion  of  the  mass  for  all  four  quarters.  In  the  Southeast  the  mass  fraction 
inaeases. 

At  the  western  sites  the  mass  fraction  of  the  unknown  is  dependent  upon  the 
season  and  location.  In  the  Southwest  during  the  cold  season  the  mass  of  the  unknown 
is  very  small.  EHtring  the  warm  season  it  increases  dramatically  to  account  for  almost 
10%  of  the  fine  mass  on  average.  The  largest  unknown  mass  fraction  occurs  in  the 
Northwest  where  up  to  35%  of  the  mass  is  unaccounted  for.  In  this  region,  the  unknown 
exhibits  little  seasonal  variation. 

4J2  The  Coarse  Mass  Aerosol  Types 

This  section  presents  the  results  from  the  partitioning  of  the  coarse  aerosol  mass. 
These  results  are  presented  as  temporal  and  spatial  distributions  for  the  coarse  aer<»ol 
mass,  and  the  three  aerosol  types,  coarse  soil,  sulfate,  and  cation,  for  the  NPS-NFPN 
data  network  in  Figures  44-46.  Note  that  in  these  plots,  the  sulfate  and  cation  have  been 
combined  and  will  be  referred  to  as  sulfate. 
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Fig/Btc44.  Tbec<MraeMmc<iaceatralioM«teackflatkmaail<|wrter. 


4JZ.I  Coarse  Mass 


The  spatial  and  seasonal  distributions  of  the  coarse  mass  for  the  NPS-NFPN  data 
are  presented  in  Figure  44.  As  shown,  there  is  a  strong  seasonal  variation  with  the 
second  and  third  quarter  concentrations  about  twice  that  of  quarters  1  and  4.  In  the 
East,  the  coarse  mass  concentrations  are  relatively  constant  for  each  quarter.  These 
concentrations  are  similar  to  those  for  the  central  west  for  all  four  quarters. 

In  the  West,  the  Southwest  has  the  largest  concentrations  for  quarters  1, 2,  and  4. 
However,  the  coarse  mass  concentrations  are  rather  uniform  over  the  West  during 
quarter  3,  at  about  7000  ng/m^.  The  largest  coarse  particle  concentrations  in  the 
coditry  occurs  during  quarter  2  in  the  Southwest  where  they  can  exceed  10,000  ng/m^, 
while  the  smallest  are  found  in  the  Northwest  during  quarters  1  and  4  where  they  are 
generally  less  than  3000  ng/m^.  The  stations  located  in  the  eastern  part  of  the 
Northwest,  such  as  Roosevelt,  ND  have  concentrations  comparable  to  those  in  the 
Southwest 

4J12  Temporal  and  Seasonal  Distribiition  of  the  Coarse  Aerosol  Types 

The  distribution  of  the  sulfate  and  cation  is  shown  in  Figure  45  for  all  four 
quarters.  The  largest  concentrations  are  found  in  the  East  durmg  the  second  and  third 
quarters  where  the  concentrations  am  exceed  1000  ng/m^.  In  the  West,  the 
concentrations  are  very  uniform  for  aD  locations  and  quartets  with  an  average 
concentration  about  250  ng/m^. 

The  a)arse  soil  concentrations  are  fuesented  in  Figure  46.  The  coarse  soil 
follows  dosely  the  patterns  erf  the  oNuse  mass  with  the  largest  concentrations  occurring 
during  quarters  2  and  3.  The  West  has  larger  txmeentrations  than  the  East  for  quartets  1 
and  4.  However,  the  coarse  soil  concentrations  in  the  Northwest  and  East  are 
comparable  for  quarters  1  and  4,  at  about  1500  ng/m^.  The  concentrations  in  the 
Southwest  are  larger  than  those  in  the  Northwest  for  all  quarters  except  the  third  where 
they  are  comparable  at  about  6000  ng/m^. 
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ine  salfate  aMMiiaia  coaceatratioas  at  each  statioa  aa<f  qoarter. 
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5.  SUMMARY  AND  DISCUSSION 


In  this  study  the  concentrations  of  the  major  atmospheric  aerosol  types  in  rural 
areas  of  the  U.S.  were  examined.  Its  was  determined  that  there  are  at  least  eight 
aerosol  types,  sulfate,  cation,  water,  soot,  soil,  organics,  salt,  and  nitrates,  which 
constitute  the  bulk  of  the  fine  aerosol  mass.  The  main  purpose  of  this  work  was  to 
partition  the  fine  aerosol  mass  into  these  eight  aerosol  types. 

The  aerosol  partitioning  was  conducted  on  a  database  which  combined  the  two 
databases  from  the  NPS-NFPN  and  NESCAUM  monitoring  networks.  These  two 
databases  were  combined  on  the  grounds  that  both  networks  had  their  samples  analyzed 
at  U.C.  Davis  in  California  using  the  same  techniques.  Also,  examination  of  the  raw 
data  showed  that  the  data  from  each  network  behaved  in  similar  manners,  and  the 
difference  in  sampling  periods  should  not  introduce  any  errors.  We  recognized, 
however,  that  the  sampling  techniques  of  the  two  networks  were  different,  and  that  this 
could  cause  some  incompatibilities  between  the  data  sets. 

In  order  to  partition  the  aerosol  mass  into  aerosol  types,  aerosol  equations  were 
developed.  These  equations  estimated  the  aerosol  types  by  scaling  up  tracer  species 
characteristic  for  specific  source  types.  The  tracers  were  any  aerosol  species  which  was 
solely  attributable  to  one  aerosol  type.  Any  scaling  factors  which  could  not  be 
determined  from  the  assumed  chemical  composition  of  the  aerosol  types  were  found 
through  a  fitting  process. 

Seven  of  these  equations  were  developed  for  the  fine  mass  defining  the  sulfate, 
cation,  water,  organics,  soot,  soil,  and  salt.  The  nitrate  was  estimated  by  the  difference 
between  the  measured  fine  mass  and  the  sum  of  the  seven  defined  aerosol  types.  The 
results  from  the  application  of  these  equations  were  presented  as  mass  fraction  in 
Figures  27«30  and  as  concentrations  in  Figures  3743  for  the  fine  aerosol  types.  The 
temporal  and  spatial  trends  of  the  aerosol  types  were  discussed  at  length  in  section  4.  In 
this  section  the  aerosol  type’s  concentrations  and  the  equations  used  to  estimate  these 
concentrations  will  be  examined  and  discussed  on  a  regional  basis. 
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5.1  The  Regional  Aerosol  Types 

The  variation  of  aerosol  types  within  and  between  regions  is  best  illustrated  in 
the  regional  plots  in  Figures  31-34.  As  previously  discussed,  these  figures  present  the 
bulk  average  of  the  fine  mass  fraction  and  aerosol  types  for  each  quarter,  for  the  five 
regions  defined  in  Figure  35. 

S.1.1  The  Northeast  and  Southeast 

As  shown  in  Figure  31,  the  organic  and  sulfur  aerosol  types  (sulfate,  water  and 
cation)  constitute  the  vast  majority  of  the  aerosol  mass  in  the  eastern  regions, 
accounting  for  nearly  80%  of  the  fine  mass.  This  fraction  is  smaller  during  the  cold 
season  then  the  warm  season,  and  is  maximum  during  the  third  quarter.  The  Northeast 
has  larger  organic  mass  fractions  and  smaller  sulfur  aerosol  type  fractions  than  the 
Southeast.  Also,  the  organic  mass  fractions  were  much  larger  than  was  found  in  the 
literature,  section  4.13.1.  If  the  organics  are  reduced  in  the  Northeast  as  discussed  in 
section  3.3.2,  this  difference  between  the  two  regions  no  longer  exists,  and  the  results  of 
this  study  agree  better  with  those  in  the  literature.  Of  the  other  aerosol  types,  the  soot 
is  largest  for  the  Northeast  accounting  for  about  7%  of  the  fine  mass,  and  soil  is  largest 
for  the  Southeast  making  up  about  6%. 

The  unknown  aerosol  fraction  accounts  for  a  larger  fraction  in  the  Southeast 
than  Northeast.  This  difference  is  most  likely  due  to  an  underestimation  of  an  aerosol 
type  than  an  inaease  in  nitrate  in  the  sample.  As  discussed  in  section  3.2,  the  nitrate 
values  in  the  East  are  very  low.  The  most  likely  aerosol  type  which  was  underestimated 
was  the  water.  In  calculating  the  water  constant  these  stations  were  fitted  along  with 
the  NESCAUM  stations.  As  discussed  previously,  it  appears  as  though  the  water  was 
imderestimated  in  the  Northeast.  If  this  is  the  case,  then  it  is  reasonable  to  assume  that 
the  water  may  also  have  been  underestimated  in  this  region. 

The  variation  of  the  average  concentrations  for  the  eastern  regions  is  displayed 
in  Figure  33.  Quarters  one  and  four  in  the  Southeast  have  approximately  the  same 
concentrations  for  each  aerosol  type  which  is  generally  less  than  quarters  2  and  3. 
During  the  warm  season  quarter  3  has  larger  concentrations  for  sulfate  and  organics 
than  quarter  2.  However,  quarter  2  concentrations  for  cation  are  larger  due  to  the 
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highly  neutralized  sulfate  aerosol  during  quarter  2,  and  the  high  acidic  sulfate  aerosol 
for  quarter  3.  In  the  Northeast  the  larger  variation  in  second  and  third  quarter  sulfate 
values  is  not  seen.  Between  the  two  regions  the  Southeast  has  larger  sulfate 
concentrations  while  the  Northeast  has  more  organic  mass. 

S.1.2  The  Southwest 

The  average  mass  fraction  for  each  aerosol  type  in  the  three  western  regions  are 
presented  in  Figure  32.  As  shown,  there  are  three  major  aerosol  types  in  the  Southwest; 
sulfate  (including  cation  and  water),  organic,  and  soil.  The  soot  and  salt  each  account 
for  about  4%  of  the  mass  in  all  four  quarters.  The  sulfate  and  soil  exhibit  a  seasonal 
pattern.  During  quarters  1  and  2  the  sulfate  and  soil  each  account  for  about  25%  of  the 
mass.  But  during  quarters  3  and  4  the  sulfate  increases  to  about  30%  while  the  soil 
fraction  decreases  to  approximately  20%. 

Comparing  Figure  32  to  Figure  34,  it  is  seen  that  the  concentrations  do  not 
follow  the  mass  fraction  trend.  The  sulfate  concentrations  increase  from  quarters  one 
through  three  where  a  maximum  concentration  of  1300  ng/m^  is  seen,  but  falls  off 
sharply  during  quarter  four  which  had  the  largest  sulfate  mass  fraction.  The  soil 
concentration  is  constant  for  quarters  one  and  three  while  it  has  the  largest 
concentration  for  quarter  2,  at  about  1300  ng/m^.  In  fact,  quarter  2  has  a  soil 
concentration  about  twice  that  of  the  other  quarters. 

The  mass  fraction  of  the  organics  in  the  Southwest  is  largest  for  the  cold  season 
where  it  is  approximately  20%  of  the  mass.  This  fraction  decreases  for  the  warm  season 
where  organics  account  for  only  about  10%  during  quarter  two.  The  concentration  of 
the  organics  does  not  exhibit  the  warm/cold  pattern.  The  largest  organic  mass  occurs 
during  quarters  one  and  three. 

The  unknown  in  this  region  has  a  definite  warm/cold  season  variation.  During 
the  warm  season  the  unknown  accounts  for  more  than  10%  of  the  mass,  but  during  the 
cold  season  its  about  4%.  We  have  assumed  that  the  major  constituent  of  the  unknown 
is  nitrate.  However,  a  nitrate  concentration  on  a  filter  of  10%  appears  high  for  the 
warm  seasons.  For,  from  the  WRAQS  network  nitrates  measured  on  the  filters  were 
found  to  constitute  less  than  3%  of  the  fine  mass  in  the  Southwest  (NAPAP,  199l(^)). 
Also  the  nitrate  concentration  is  larger  during  the  cold  seasons  than  the  warm  season 
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(White  and  Macias,  1987(^0)),  and  an  unknown  mass  fraction  of  only  4%  was  found  for 
the  cold  season.  Consequently,  it  appears  as  though  one  or  more  of  the  calculated 
aerosol  types  was  underestimated  during  the  warm  season.  Therefore,  one  or  more  of 
the  aerosol  equations  or  assumptions  used  in  the  fitting  process  are  flawed. 

There  are  a  few  possible  explanations  for  the  large  unknown  aerosol  fraction. 
First,  the  water  may  be  underestimated  as  in  the  East.  This  is  probably  not  the  case  due 
to  the  dry  sampling  conditions  in  the  Southwest.  Also,  the  majority  of  the  unknown 
would  remain  even  if  the  water  concentration  was  doubled.  Another  possibility  is  that 
the  soil  is  underestimated.  As  discussed  previously  the  equation  we  used  for  the  soil 
may  underestimate  the  true  soil  mass.  This  will  decrease  the  unknown,  but  if  we 
increase  the  soil  by  the  16%  that  Cahill  et  al.,  (1989(25))  suggests  we  still  have  an 
unknown  accounting  for  about  8%  of  the  mass  for  quarters  2  and  3  which  is  still  high. 

A  third  explanation  is  that  the  assumption  that  the  organic  constant  does  not  vary 
with  time  or  space,  used  to  fit  the  data,  was  not  fully  correct,  see  section  3.1.4.  If  the 
percentage  of  volatile  organics  in  the  organic  mass  changes  with  site  location  and 
season,  then  the  amount  lost  when  the  sample  is  placed  into  the  vacuum  for 
measurement  will  vary.  This  variation  would  effect  the  organic  constant  both  spatially 
and  temporally. 

If  the  warm  season  in  the  Southwest  had  a  larger  fraction  of  its  organic  mass 
made  up  of  volatile  organics,  then  the  organic  constant  used  to  scale  the  organic 
hydrogen  for  these  quarters  would  have  been  underestimated.  This  is  a  result  of  the 
criteria  of  not  overestimating  the  mass  in  the  fitting  process.  By  relaxing  the  assumption 
of  an  invariant  organic  constant,  and  increasing  this  constant  for  quarter  2  and  3  the 
organics  would  increase  and  the  imknown  would  decrease  for  these  seasons.  This,  along 
with  increasing  the  soil,  would  reduce  the  unknown  to  acceptable  levels.  Also,  an 
increase  in  the  summer  organic  concentrations  would  increase  the  yearly  average 
organic  mass  fraction.  This  would  deaease  the  difference  in  the  mass  fraction  in  this 
study  and  those  compared  to  the  WRAQS  study  in  Table  6. 
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S.13  The  Smelter  Region 


The  first  two  quarters  for  the  Smelter  region  have  about  the  same  mass  fractions 
and  trends  as  the  Southwest,  except  its  total  mass  is  larger.  Figures  32  and  36. 
Differences  arise  between  the  two  regions  for  the  third  and  fourth  quarters.  During 
these  seasons  the  sulfate  mass  fraction  is  10  - 15%  larger  for  the  smelter  region,  and  the 
organic  mass  fraction  is  about  10%  smaller.  However,  the  soil  fraction  is  about  the 
same  in  each  region.  The  mass  fraction  of  the  unknown  for  quarters  3  and  4  in  the 
Smelter  region  is  less  than  the  mass  fraction  of  the  unknown  in  the  Southwest. 
Interestingly,  the  third  quarter  organics  and  unknown  in  the  Smelter  region  is  about  half 
of  that  in  the  Southwest.  This  helps  to  support  the  idea  of  a  varying  organic  constant  for 
space  and  time,  for  if  the  organic  concentration  is  underestimated  than  the  smaller  its 
mass  fraction  the  smaller  the  error  in  the  unknown. 

5.1.4  The  Northwest 

The  Northwest  region  differs  significantly  form  the  rest  of  the  West.  The  sulfate 
faction  is  the  smallest  in  the  country  accounting  for  about  15%  of  the  mass.  The  major 
aerosol  type  is  organics  which  account  for  more  than  40%  of  the  mass  during  quarters  1, 
3,  and  4.  The  second  quarter  organic  fraction  is  much  smaller  than  the  other  seasons 
accounting  for  less  than  25%  of  the  mass,  but  the  largest  sulfate  and  soil  mass  fractions 
in  this  region  are  found  during  this  quarter. 

The  seasonal  variation  of  the  organic  concentration  in  Figure  34,  shows  that  the 
organic  concentrations  are  roughly  equal  for  quarters  1, 3,  and  4,  about  1600  ng/m^,  and 
that  quarter  2  contains  about  half  the  organic  mass  of  the  other  three  quarters.  The  soil 
and  sulfate  concentrations  during  the  warm  season  are  all  about  700  ng/m^.  The  other 
aerosol  types  have  small  concentrations  with  salt  contributing  less  than  100  ng/m^. 

The  Northwestern  region  has  a  large  percentage  of  its  mass  unaccounted  for  by 
the  aerosol  equations,  about  20%  for  all  four  quarters.  This  is  much  higher  than  could 
be  accounted  for  by  nitrates.  In  the  WRAQS  study,  for  the  Northwestern  stations  the 
nitrates  measured  on  the  filters  varied  between  1  and  6%  of  the  mass  (NAPAP, 
199l(^)).  Part  of  the  unknown  mass  may  be  due  to  underestimating  the  soil  aerosol. 
Also,  the  organics  may  be  underestimated,  for  it  is  possible  that  we  did  not  fully  account 
for  the  loss  of  volatile  organic  matter,  as  was  suggested  for  the  Southwest.  However, 
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this  seems  like  a  small  source  of  error,  for  the  average  yearly  organic  values  did  agree 
very  well  with  the  literature. 

The  most  likely  cause  is  that  the  water  had  been  underestimated.  The  Northwest 
region  experiences  high  humidity  so  the  aerosol  mass  will  be  affect  by  the  hysteresis 
effect.  Consequently,  as  was  found  in  the  East,  the  water  scaling  factors  may  be  too 
small.  Also,  to  calculate  the  water  we  scaled  up  only  the  sulfate  aerosol.  It  is  believed 
that  a  fraction  of  the  organics  may  also  absorb  a  significant  amount  of  water  (Sloane, 
1986(30);  Malm,  1991(54)).  Not  including  the  water  due  to  organics  could  cause  a  large 
underestimation  in  this  region,  because  the  sulfate  fraction  is  very  low  and  the  organic 
mass  fraction  is  large. 
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6.  FUTURE  WORK 


The  partitioned  data  can  be  used  as  an  initial  step  to  several  other  studies.  One 
such  study  would  involve  the  partitioning  of  the  extinction  coefficient  over  the  U.S.  by 
using  the  partitioned  data  and  incorporating  any  of  the  suggested  changes  in  section  S,  a 
data  set  containing  the  extinction  coefficient  over  the  U.S.  can  be  apportioned  into 
contributions  from  the  different  aerosol  types.  This  will  allow  the  examination  of  the 
greatest  contributors  to  the  haze,  and  may  provide  insight  into  means  of  reducing 
anthropogenic  generated  haze. 

The  partitioned  data  can  also  be  used  as  a  base  of  comparison  for  future  aerosol 
studies.  This  will  allow  the  monitoring  of  the  aerosol  concentrations  in  the  U.S.  to  test 
the  changes  in  anthropogenic  pollution  due  to  the  Qean  Air  Act  of  1990  and  any  other 
large  scale  changes  in  air  pollution  generation. 
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APPENDIX  A:  AEROSOL  TYPE  CONCENTRATION  TABLES 


Table  A-1.  The  aerosol  type  mass  fractioos  for  every  statiem  and  quarter. 
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Table  A-1.  llie  aerosol  tyoe  maac  fractioas  for  every  station  and  qaarter.  (Coattoned) 
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36.6 

11.6 

7.5 

14.7 

13.4 

3.3 

1.5 

10.4 

6464.0 

AVSfUOt 

42.7 

13.4 

6.4 

♦5.5 

•  .7 

3.0 

1.4 

7.0 

11233.3 

»65"»r>ll  tA6«  03 

604 

Mi4 

MtAr 

OkvahIc 

6011 

6oot 

6Alt 

OfOonoon 

rin#  Nam 

ObMAIlOOAll,  VA 

45.2 

7,0 

13.0 

26.6 

3.6 

1-7 

0.6 

-0.3 

15667.0 

QrAAt  OvoNy  tan,  TM 

45.7 

7.0 

13.2 

24.2 

5.6 

1.6 

1.0 

13.0 

15671.6 

•UttAlO  MAtl  2.^  AN 

37.0 

11.1 

6.6 

25-6 

10.3 

2.6 

1.3 

1.6 

13320.0 

AVB5A66 

42.7 

6.4 

12.0 

26.3 

6.7 

2.0 

1.1 

4.6 

14665.3 

M65  Ifftll  6Mt  04 

604 

1*4 

WAtor 

Orton  le 

Efrtl 

6oot 

6Alt 

OfiNfkown 

ritiA  Nam 

AoAOla^  m 

42.4 

12.0 

10.6 

21.3 

4.6 

5.2 

3.6 

-0.7 

5131.0 

ihAiiAnOeAb,  VA 

46.4 

13.1 

11.6 

23.4 

4.6 

4.3 

1.3 

-5.3 

6162.0 

OrMt  6Mliy  N6T/  tN 

43.6 

12.3 

11.2 

16.6 

4.1 

4.6 

1.6 

2.2 

7356.0 

NutfAlo  NAtl  a..  Aft 

35.3 

10.6 

6.2 

27,2 

6.6 

5.1 

1.6 

4.5 

7604.0 

AVK6A06 

42.0 

12.0 

10.6 

23.0 

5.1 

4.6 

2.1 

0.2 

6572.5 
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Table  A-1.  The  aerosol  type  aaii  fracdoot  for  every  station  aad  qnarter.  (Contfaiaed) 


MM-icmt  M.  m—t  01 

•04 

MI4 

iMtar  Oryuite 

•oil 

•oot 

ft4lft 

Ontmowfi 

riiift  tiftftft 

OUTtll  UM,  Oft 

10.0 

3. ft 

2. ft 

93. ft 

19.2 

10.9 

2, ft 

1.0 

2203.0 

NODm'  wucmit,  «a 

21.0 

7, ft 

9. ft 

21. ft 

1ft. 4 

3.7 

9.4 

14.0 

lft«7.0 

SJhMKIt  VOLCAirXC,  CX 

13. « 

ft.l 

2. ft 

.. 

lft.9 

4.2 

2. ft 

— 

1900.0 

t&VA  CA 

12.3 

4. ft 

3.4 

90.7 

1ft. o 

a. ft 

a. ft 

7.9 

1942.0 

MOfttlt  CAftCADCft,  HA 

10. ft 

4.1 

3.0 

4ft. a 

4.« 

7.3 

2.9 

1ft. 4 

9227.0 

OtACZIft*  tit 

IT.l 

•  .4 

2.3 

4ft.9 

7.a 

V  ft 

2.6 

7.0 

4ftftft.O 

ourm  or  imM,  xo 

!*.• 

7.4 

4.1 

40. ft 

9.0 

•  .4 

1.0 

14.9 

4991.0 

CftAMO  tftfoll*  mt 

lO.ft 

3. ft 

2.2 

4ft. 3 

3.0 

S.ft 

0.2 

2C.1 

ftlOO.O 

DtWOOADft,  00 

21. « 

ft.l 

3.0 

36.2 

12.2 

ft.O 

2. ft 

10.0 

4396.0 

ftftOWW  MIC,  oo 

2ft. 7 

lO.ft 

4.0 

— 

9.9 

3.3 

0.4 

2976.0 

ftoocr  NOOMtAtV,  oo 

2ft, 7 

11.1 

4.1 

31.« 

1ft. ft 

4. ft 

1.? 

-1.0 

2414.0 

IIOOOBVBLT,  HD 

40.1 

19.0 

9.9 

ft. ft 

12.2 

ft.O 

2.9 

12.9 

3096.0 

■XMO  CAVS,  ftD 

2ft. ft 

10.7 

3.ft 

23.9 

12.2 

7.0 

1.1 

12. ft 

3360.0 

AV*rA«« 

20.3 

7. ft 

3. ft 

37.4 

M.4 

ft.7 

2.1 

11.9 

3S71.« 

ft.  Wftftt  02 

•04 

flftft 

watur  Or9«ile 

9.11 

•oot 

94lt 

Ootoiooit 

riAo  iimmi 

CftAtftft  tAICI,  Oft 

16.3 

4.1 

3.4 

33.1 

Ift.ft 

ft.ft 

a. ft 

19.0 

313ft.O 

NOOWt  ftATVZKft/  «A 

*«.l 

ft. ft 

9.4 

39.9 

13.2 

4*3 

2.< 

9.3 

3ft9ft.O 

LAftftIft  VOIXAMtC,  CA 

20.7 

7.7 

3. ft 

- 

17. ft 

9.3 

2.9 

— 

3139.0 

tAVA  fttDft,  CA 

1ft. 3 

ft.l 

3.3 

20.4 

30.2 

3.9 

3.0 

27.0 

33«4.0 

llOWtft  CAftCAMtft,  MA 

23.7 

•  .ft 

4.9 

31.4 

ft.a 

4.ft 

4.4 

34.0 

•73ft*0 

OLACXn,  NT 

17.6 

ft. ft 

3.4 

39.3 

30.7 

0.4 

1.7 

19.2 

4994.0 

outftftft  OP  noon,  xt> 

19.9 

7.3 

3.7 

19.9 

33.7 

9.9 

1.9 

19.0 

3333.0 

oftAi  >  moif,  mt 

lft.9 

•  .9 

3.9 

ift.a 

17.3 

4.3 

1.9 

30.9 

3694.0 

DZNOftAOft,  oo 

22.4 

0.4 

3.1 

•  .9 

30.2 

2.4 

l.ft 

23.9 

3104.0 

■ftOWWl  9AMC,  oo 

24.2 

ft.l 

3.3 

3«.3 

Ift.ft 

l.ft 

2.4 

Ift.l 

3793.0 

ftoemr  NomitAXft,  oo 

2tf.ft 

10.1 

3.7 

17.0 

20.0 

4.7 

2.1 

19.4 

3730.0 

ftOOftCVCLT,  «D 

30.0 

11.2 

ft. 3 

6.3 

30.  ft 

4.7 

0.9 

9.9 

4300.0 

WZftD  CAVI,  ftD 

2ft. 0 

10.9 

3. ft 

3. ft 

1».7 

9.0 

1.0 

3ft. 3 

4O3«.0 

AVjrftftft 

22.3 

9.4 

3. ft 

1ft. ft 

20,3 

4.9 

2.2 

19.9 

3697.9 
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Table  A-1.  TheaeroMdtypeaaufracdoufor  every  station  and  qiurter.  (Coatiaacd) 


WPS-UfFM  It.  Q9 

•04 

1114 

NatMT  Orfutlc 

•Oil 

ftoot 

Sftlt 

Otildtoim 

Pino  Mftfta 

dtATtx  txKS#  om 

S.ft 

2.2 

ftft.2 

11.1 

ft. 9 

2.2 

ift.ft 

iftftft.o 

Moovr  K&xiriBft^  mk 

24.4 

ft.l 

fl.O 

21.0 

ft.ft 

9.2 

1.9 

17. ft 

9779.0 

LAMEir  VOtCAMIC/  CX 

20. X 

7. ft 

2.* 

— 

12.2 

7.4 

2.2 

— 

2624.0 

tAVA  BBNIf  CX 

12. • 

S.2 

2.a 

40.4 

1ft. 0 

5.0 

2.9 

19.2 

4102.0 

Mom  CXACAfiBS,  NX 

22.4 

•  .ft 

ft.ft 

aft. 2 

ft.ft 

ft.ft 

2. ft 

10.1 

•090.0 

OLXCm,  NT 

12. « 

4.7 

2. ft 

ftft.4 

1ft. ft 

5.2 

1.0 

1ft. 7 

9279.0 

CkXTIftS  OP  NOOII,  XD 

1ft. 2 

ft. 7 

2.1 

32.6 

ao.ft 

7.9 

0.7 

14.6 

4119.0 

oftxnb  moK,  Iff 

1ft. 7 

ft.ft 

2.2 

42.ft 

lO.ft 

4.2 

0.0 

Ift.ft 

4001.0 

DXHOSXtJl,  OO 

22.4 

•  .4 

2.1 

2S.4 

12.2 

3.0 

1.2 

23.1 

2494.0 

■amnni  nm,  co 

22. ft 

•  .4 

2.1 

20.2 

1ft. ft 

2. ft 

— 

2974.0 

HOOKY  HOOWrXXN,  OO 

27. ft 

10.2 

2.ft 

2ft.ft 

12.4 

ft.ft 

O.ft 

ft.ft 

4242.0 

NOONWSLT,  MD 

24. « 

ft. 2 

ft.l 

2ft. ft 

21.0 

4.4 

2.2 

ft. 7 

4997.0 

ItZND  CXVI,  «0 

2ft. 2 

ft.ft 

2.9 

2ft.2 

1ft. 1 

ft.ft 

O.ft 

11.2 

4072.0 

VOirXONOMI,  MN 

2ft.  4 

ft.ft 

ft.ft 

ftO.ft 

1ft. 1 

1.4 

1.2 

12.9 

45ftO.O 

20.7 

7.« 

2.4 

22.9 

1ft  .9 

4.9 

l.ft 

14.9 

4449.9 

NM^NPPN  N.  Mftftt  Q4 

904 

1914 

NAt*r  orfftfiio 

•oil 

9oot 

•ftlt 

Onknown 

Pin* 

Ciun»  LXMt,  ON 

14.2 

9.2 

2.9 

44.9 

10.7 

lO 

1 

1.9 

9.9 

2199.0 

NOONt  NXXmtN^  NX 

iO.7 

7. ft 

9.7 

29.2 

9.7 

2 

7 

l.ft 

2ft. ft 

2112.0 

tAaanr  votncxinc,  cx 

Ift.ft 

7.1 

2.9 

.. 

1ft. 4 

0 

O 

0.0 

— 

1729.0 

lAVX  O 

12. ft 

ft.ft 

2.9 

•1.1 

11.7 

4 

ft 

l.ft 

9.4 

29ftft.O 

NOITN  CXNCXBNB,  Mb 

ft.ft 

2.2 

2.4 

49.4 

2.1 

7 

0.7 

2«.0 

4497.0 

NucxsN,  m 

14.2 

9.2 

2.0 

42,1 

ft.l 

ft 

2. ft 

21.1 

9292.0 

CNXnM  OP  110041,  ZD 

21.9 

ft.l 

4.4 

2«.3 

10.7 

7 

0.0 

12.0 

2744.0 

NNAMD  9IVON,  Wt 

11,9 

4.4 

2.4 

27,1 

4.9 

ft 

0.0 

24.0 

4399.0 

DXNONXOl,  OO 

21,9 

ft. 2 

2.0 

22.9 

ft.ft 

ft 

0.2 

17.3 

3794.0 

MKMNN  PANIC,  OO 

22.2 

12.1 

4.4 

— 

10.2 

2 

0.2 

2600.0 

Noonr  MooirrxzN,  oo 

22.2 

12.1 

4.4 

27,0 

12.2 

2 

0.0 

ft.O 

2262.0 

NO09SVKLT,  ND 

3ft. 7 

12.7 

9.0 

11. ft 

17. ft 

4 

9.0 

9.2 

3539.0 

•tXMD  CATS,  ftD 

3ft. 9 

10. ft 

4.0 

29.9 

10. ft 

ft 

1.9 

12.0 

3190.0 

V07XONDM,  m 

42.2 

19.9 

9. ft 

Ift.ft 

ft.ft 

4 

4.9 

2.0 

4137.0 

ATftroN* 

24.4 

9.2 

4.2 

2ft.  ft 

lO.ft 

9. 

ft 

1.9 

1ft. 2 

34ft9.9 
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Table  A-1.  The  aeroscd  type  aau  fracdois  for  every  itatioo  aad  qaarter.  (CoatiBBed) 


s.  ncst  oi 

S04 

MS4 

Mtiu:  orq«iile 

Soil 

Soot 

Salt 

OfilDioim 

rifio  ass* 

MATS  VAALEV,  CA 

v.i 

a.s 

Ift.O 

33.2 

3.0 

10.2 

4.2 

3SM.O 

JOaSDA  TtMt,  CA 

20.3 

T.* 

a.s 

aa.ft 

ao.ft 

ft.2 

4.4 

-3-4 

2211.0 

LfSIUM  CAVES,  EV 

a«.a 

S.l 

3.4 

20.0 

a4.4 

0.0 

3.0 

-O.ft 

IftOl.O 

ssYCB  cAnvoii,  or 

3Z.4 

11*3 

4.2 

32.4 

a4.o 

0.0 

0.0 

-4.S 

1402.0 

OSAMD  CASyOM,  Al 

a«.3 

s.o 

3,« 

24.2 

34.4 

1.2 

1.0 

4.0 

1042,0 

cAtnrosUkMM,  tn 

31. c 

XA.« 

4.2 

14.3 

14.3 

4.2 

1.3 

4.0 

2402.0 

CStEXCABOA,  AZ 

a«.ft 

la.o 

4.V 

10. a 

10.0 

0.2 

3.4 

-0.1 

3400,0 

SSSA  VSBDE,  OO 

30.  S 

lA.4 

4.2 

10. a 

24.1 

4.4 

1.0 

4*2 

2443.0 

CSACO  COtTOSE,  lOt 

31.1 

12.4 

4. ft 

ift.ft 

ao.2 

4.0 

1.4 

-0.2 

2ft43.0 

SAMDEAXEIt,  MM 

as.s 

O.B 

3. ft 

24.4 

14.0 

4.0 

o.ft 

O.S 

3330.0 

OOADALm  IDRS,  TX 

30. S 

11. 1 

4.1 

10.0 

32.0 

4.0 

3.4 

-1.0 

30S4.0 

CASOLtM  mn,  MR 

33.5 

12. « 

4.4 

23.4 

32.0 

3.2 

o.s 

-2.1 

2304.0 

StO  SSMD,  TX 

av.i 

lo.a 

l.T 

30.2 

S.ft 

3.0 

— 

4441.0 

AVSSAOt 

ai.a 

10.4 

3.ft 

23.0 

aft.o 

4.4 

3.0 

1.1 

2044. ft 

MOS-Smi  S.  MMt  02 

404 

MSA 

Mter  or,Mlo 

soil 

Soot 

4*10 

OntKAOMI 

i 

1 

TOSWZTB,  CA 

14.4 

4.4 

i.X 

4ft. 2 

31. ft 

3.0 

O.ft 

-0,4 

2334.0 

MATS  VAttSV,  CA 

31,4 

4.3 

%,o 

11.1 

30.0 

4.2 

4.4 

14.2 

ftOOft.O 

20SBDA  TEES*  CA 

33.4 

4.0 

».s 

14.S 

31.4 

ft.S 

4.3 

14.2 

4044.0 

UEBUM  CAVES,  RV 

23.1 

4*3 

1.0 

12.3 

30.0 

3.2 

3.1 

14.1 

2410.0 

ssnrcE  cAMvoii,  or 

33. ft 

4.4 

1.3 

0.4 

24.4 

4.0 

4.3 

10.0 

2444.0 

OSABD  CAinrOM,  At 

33.2 

4.4 

1.1 

0.1 

30*2 

3.S 

s.ft 

33.0 

2013.0 

cAmoMUMis,  or 

33,4 

4.4 

1.3 

0.4 

31.4 

4.0 

2.4 

I4.ft 

2234.0 

CSXSXCASOA,  AI 

30.3 

11.0 

4.0 

4.1 

24.3 

4.3 

4.4 

10. ft 

9014.0 

RESA  VSSM,  OO 

as.ft 

o.c 

1.3 

11.2 

30.4 

3,7 

2.0 

13,2 

3444.0 

CSAGO  CDtTUM,  MM 

34.4 

0.4 

1.3 

11.3 

33.4 

4.3 

4.3 

4.0 

3047.0 

SAMDSLXES,  MM 

34. ft 

0.3 

1.4 

10.4 

34,3 

4.4 

2.4 

7.0 

4420.0 

ooA&ALort  tom,  tx 

30.4 

10.3 

i.a 

0,4 

32.4 

3.S 

3.3 

0.0 

4444.0 

CASOLXM  MtT,  MM 

34.2 

10.4 

1.* 

12.4 

31.1 

3.0 

2.1 

0.4 

3444.0 

4X0  SEMD,  TX 

27.2 

10.3 

l.'T 

4,0 

32.0 

4.2 

4.3 

4.4 

4444.0 

AVSEAOE 

24.3 

0.1 

1.9 

13.» 

34.4 

4.3 

4,4 

12.3 

4344.2 
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Table  A-1.  The  aetoadi  t]rpe  mia  fncdoaa  for  eveiy  stadoB  aad  qaaiter.  (Coatmaed) 


M04 

MM4 

MatMr  Or«Miie 

•oil 

•oot 

•414 

thOtnoim 

rino  ROMO 

mmzTi/  cji 

ao.2 

7.0 

2.4 

24.4 

14.4 

4.2 

4.3 

14.1 

4310.0 

nuTK  VAixiy,  CA 

av.x 

10.4 

3.4 

14.1 

14.4 

4.1 

4.4 

11.4 

4444.0 

JOMRU  naus  cx 

at.x 

10.  • 

4.0 

21.7 

13.7 

4.4 

4.4 

lo.l 

4743.0 

LMPWt  CXVMf  MV 

at. 3 

•  .S 

3.0 

22.4 

14.7 

4.3 

2.4 

14.1 

3100.0 

Mtyes  GjjmM,  ov 

30. X 

11.4 

4.2 

23.3 

14.4 

4.0 

3.2 

4.1 

3224.0 

OIXMD  CAW0««  AX 

3X.3 

11.7 

4.3 

14.4 

12.4 

3.4 

3.1 

14.7 

3474.0 

•AODAMO,  AX 

37.x 

14.1 

4.2 

4.4 

14.3 

4.3 

3.3 

4.4 

4734.0 

otinroMLAMM,  or 

aa-« 

11.1 

4.1 

14.1 

17.4 

4.4 

2.2 

14.4 

3447.0 

aOMZCAMDA,  At 

43.0 

14.0 

4.2 

10.4 

10.4 

3.4 

1-4 

4.4 

4444.0 

MBtA  VnM*  OO 

34.4 

ia.« 

4.7 

14.4 

13.4 

3.4 

1-4 

12.2 

3421.0 

ouoo  cDtnmc,  mm 

33.3 

12.7 

4.7 

17.0 

14.7 

3.4 

1.1 

12.4 

4134.0 

1 

• 

B 

sa.ft 

la.a 

4.4 

14.2 

14.4 

4.1 

1.7 

11.0 

4412.0 

ODtPAMPM  ltm»  TX 

3i.« 

13.0 

4.4 

14.4 

24.1 

4.0 

2.4 

-0.4 

44*1.0 

CU*OUM  MR 

3».X 

13.4 

4.4 

17.4 

17.1 

3.4 

0.4 

4.4 

3444.0 

MXO  tX 

33.4 

ia.7 

4.4 

4.4 

24.1 

3.4 

4.4 

7.0 

4441.0 

AVOUMI 

32.1 

12.0 

4.4 

17.0 

17,2 

4.3 

3.0 

10.0 

4**3.X 

■*>  ■ww  a.  aMt  04 

•04 

Wf4 

Motor  Orotfile 

•oil 

•oot 

•olt 

Dolotowfa 

rittm  BM. 

waamn.  c* 

14.1 

4.7 

2.1 

4».l 

4.1 

3.0 

1.2 

4.7 

saat.o 

Mun  vihLtiy.  M 

24.1 

4.4 

3.4 

22-0 

24.2 

2.4 

3.3 

9,0 

aasv.o 

TOwaii  nm,  cn 

24.4 

4.4 

3.4 

24.0 

14.4 

4.2 

4.1 

4.3 

s**».o 

tutum  cAvaa,  tn 

32.1 

12.0 

4.4 

34.4 

22.2 

0.0 

0.4 

-4.4 

I3C1.0 

awrea  eainoa,  o* 

3«.3 

13.4 

4.0 

24.2 

17.4 

2.2 

1.0 

-1.4 

sasc.o 

auiB  cAinraa,  as 

34.4 

12,4 

4.7 

14.4 

14.2 

0.4 

0.4 

11.1 

30M.0 

MaDABO,  A> 

40.4 

14.1 

4.4 

17.7 

14.4 

7.4 

l.» 

-7.2 

•931.0 

cAamaLABM,  m 

33.4 

12.4 

4.4 

14.4 

17.7 

4.4 

1.0 

4.2 

3«ai.o 

caxaxcABDA,  as 

44-4 

14.7 

4.4 

4.0 

10.4 

2.2 

2.2 

4.4 

3V«a.o 

maA  TSBDB,  oo 

34.0 

14.4 

4.4 

22. • 

17-4 

2.3 

0.3 

-1.4 

ai3..o 

auuao  eouraaa,  aa 

34.2 

14.3 

4.3 

21. • 

14.0 

4.1 

0.4 

-0,4 

3»*«.o 

1 

8 

32,0 

12.0 

4.4 

11.4 

12.2 

4.4 

1.1 

20.7 

37«0.O 

OBABAiara  laica,  vs 

41.4 

14.7 

*,7 

11.4 

14.4 

3.4 

2.4 

-0.7 

93«3.0 

cupoua  ton,  m 

40.0 

14.0 

4,ff 

23.4 

14.4 

2.3 

0,9 

-7.0 

sasi.o 

ata  BM>,  vs 

41.4 

14.4 

4.7 

4.4 

14.4 

3.4 

3.4 

4.7 

4071.0 

AvamAos 

34.0 

13.1 

4,4 

21.4 

17.2 

3.4 

1.7 

3.2 

asoi.a 

no 


Table  A-2.  lie  acroaol  (]!»  coaeeittratiou  for  each  (tatioa  aad  qaarter. 


MUCMIN  01 

S04 

■l«ifira«4,  MS 

3C94.0 

HbltaCae*  tit.,  HV 

aass.t 

ii«b«n  Mt. ,  er 

a»9«.0 

nroctsr  nrnpl*  *•  r. 

QiMM>in  awMBlt,  lU 

2»0t.a 

lit.,  MV 

2932.0 

■rl««tMi,  m 

2«42.4 

AVtasoc 

ar'ya.o 

mcAOR  aitM  os 

•04 

aiatweea,  MS 

«SS*.A 

•mitsaao*  Mt.,  MV 

saaa.p 

MoiMMit  at.,  er 

iros.o 

proetar  napX.  M.  P. 

s«ss.t 

gwiAkin  auMBlt,  MA 

SM4.1 

MIWApaA  Nt. ,  MM 

SMO.O 

■rlAfteii,  m 

SMS.O 

AvnuMte 

S734.« 

mmcmm  u*m  os  m>* 


•ingvoM,  MS 

4tS4b2 

•Mltkraa*  Mt.,  Mr 

9702  .0 

MobAwM  Mt. ,  er 

42#0.« 

ProetMc  MapU  S.  p. 

2202-4 

guabbSn  biiMBlt,  NA 

4ft20.» 

Mt.,  MM 

207».7 

•rlMgtM,  Mt 

2234.0 

AVCtAeC 

2444. 4 

m* 

MAtar 

OtgAbie 

4#A2 

2020.1 

AOS. 4 

S307.2 

242.4 

424.2 

4AC.C 

ira*.* 

247.2 

420.4 

•4S.4 

2«SS.» 

342.4 

723.2 

MA.r 

saro.o 

32».4 

442.2 

MSS.S 

aria. 4 

244.4 

422.2 

•Ob.M 

laro.s 

214.4 

742.2 

Sts. 9 

aftSi.i 

224.4 

772.4 

•OS.M 

a.ro.s 

343.4 

■■4 

MMt«r 

OtMAble 

0.11 

2473.2 

*11. r 

3*4A.O 

413.1 

1224. ft 

7S..3 

ani.a 

1»3.0 

2344.2 

rsa.i 

aiai.s 

sso.a 

1044.0 

.7..  a 

aois.c 

110.0 

2324.2 

PM.  3 

31M.M 

IM.S 

442. ft 

M..M 

a«7*.3 

a«7.A 

1239.0 

100.7 

a4M.4 

aio.s 

2290. ft 

ISt.O 

aoM.s 

140.1 

«4 

4Mi4^4ff 

eK'OAOlO 

Mil 

744*4 

1300.3 

«i*a.o 

410.* 

ft44.« 

10*4. « 

M.1.3 

MO.O 

494.7 

iaa*.4 

•141.* 

333.7 

474.2 

0**.A 

4.30.3 

347.3 

700.0 

1310.0 

M01.1 

109.* 

474.7 

o**.« 

4704.0 

330.. 

»23.4 

•M.3 

4940.3 

340. ■ 

ft92.3 

lllO.M 

9397.7 

3*3.* 

•owt  M»it  nmcwiHw  riM  mm 


2024.4 

974.4 

*242.7 

20934.4 

420.4 

224.4 

-47.2 

9974.4 

477.2 

404.9 

347.0 

9009.2 

474. ft 

493.2 

-214.4 

7290.0 

722. ft 

494.2 

202.9 

4942.2 

432-7 

293.4 

49.9 

4493.2 

944.4 

447.2 

-74.9 

7499.4 

€24.4 

441.4 

34.9 

7970.9 

449ft 

942t 

PHiOillll 

PlM  Mm. 

429.2 

347.2 

-144.2 

13307.0 

909.9 

237.4 

-72,4 

*403.3 

972.4 

272.4 

429.2 

10331.3 

479.4 

23«.2 

-90.9 

••l*.l 

4X0.2 

290.3 

239.9 

10013.0 

242.4 

99.4 

-244.2 

7*0*. 7 

«49.0 

341.9 

329.2 

*004.1 

992.3 

190.4 

44.0 

0733.4 

949ft 

992ft  ’ 

Momm 

riM  MMI 

•27.4 

390.9 

-740.7 

11000.4 

913.4 

199.1 

330.* 

130*3.* 

704.3 

344.4 

13*0.7 

11***.7 

929.4 

319.2 

337.0 

10*13.* 

730.3 

330.9 

•3*0.0 

140*3.1 

499.3 

140.3 

313.0 

103«*.4 

930.4 

344.0 

030.7 

10»**.* 

404.3 

322.9 

334.0 

13300.* 
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Table  A>2.  The  aeraaol  type  coaceatratioaa  Cm  each  atatioa  aad  qaatter.  (Coatieoed) 


MMCMN  aitaa  Q« 

•04 

Mi4 

•otor 

Ovoooie 

•oil 

Oo«t 

•olt 

Dnknown 

rioo  ntmm 

KlaqwoMl,  lU 

»4t3.ft 

070.7 

403.0 

3140.0 

300.7 

040.4 

410.7 

10.0 

10310. a 

MbltMao*  Mt.,  n 

3104.0 

€10.0 

•04.0 

1713.0 

101.4 

444.4 

334.7 

-103.3 

0013.7 

mhMitc  Nt.,  CT 

3711.0 

700.7 

004.0 

1103,0 

344.3 

040.0 

344.0 

-70.0 

7444.7 

ivMter  lupl*  *.  r. 

3101. « 

704.7 

041.1 

1410,0 

300.3 

007.7 

407.3 

004.4 

7030.0 

Quakbln  auailt,  lu 

3737.1 

700.4 

701.4 

3303,4 

334.0 

704.7 

301.0 

*00.1 

4474.4 

■MUM—  Ntw  W 

aoac.o 

040.7 

034.0 

1040.4 

143.7 

411.0 

310.0 

30.4 

0334.4 

R 

31*7. « 

010.4 

000.7 

1113.0 

170.0 

440.7 

431.3 

301.4 

0404,1 

&vn*m 

lMi.4 

730.4 

000.4 

1430.7 

117.4 

000.3 

370.0 

74.0 

7040,4 

tm-MPM  BM«  Q1 

ao4 

MH4 

Motor 

orooAio 

OOll 

Boot 

OOlt 

1 

1 

O 

fin.  X... 

440,0 

040.4 

1013.4 

340.7 

414.0 

70.0 

740.0 

ysai.o 

RMt  awky  wtn,  m 

Mia.o 

033.3 

733.1 

1342.0 

000.0 

410.3 

143.4 

410.7 

•M*.0 

■uMiae  IM.1  a..  Aa 

Aosa.a 

010.4 

070.0 

3071.0 

002.0 

340.4 

174.3 

740.4 

taoi.o 

AVtlAM 

aiat.a 

000.4 

003.0 

1470.0 

401.0 

404,0 

147.3 

770.3 

toit.e 

aaa-ami  a—t  oa 

ao4 

•■4 

ll4tor 

Ot«RlS 

a«ii 

BMt 

a.it 

Onlmoim 

riM  Mm. 

abMMndoR,  VA 

aiaa.a 

1047,0 

1033.4 

l«4t.7 

7»a.4 

341.1 

13*. • 

300.0 

11313.0 

OTMt  aiMity  im.  TM 

aasa.a 

1707.0 

1110.0 

Atao.a 

•43.0 

3al.4 

It*,  a 

1130.0 

11003.0 

x.ti  a..  At 

saaa.a 

1000.7 

713.3 

tatx.t 

1174.4 

113.7 

143.7 

044.7 

•444.0 

AVatAOT 

4830.  a 

1013.0 

000.1 

Afsa.a 

•4».* 

aia.i 

m.o 

773.0 

11311.1 

BM-RM  •••«  01 

•04 

•■4 

Wator 

Cv9*>ilo 

Boil 

Boot 

Bolt 

e 

1 

1 

fin*  1I444 

•RmhOmIi.  VA 

7003.3 

1003.3 

3040.0 

4443.4 

010.0 

307.4 

144.7 

-41.4 

10007,0 

OTMt  aMXy  Ufa,  VM 

7303.3 

1110.4 

3000.7 

3400.0 

044,4 

344.3 

101.0 

3000.0 

*4.0 

auffolo  N.tl  At 

4031.0 

1470.0 

1343.3 

3400.0 

1300.0 

340.0 

170.0 

340.0 

13330,0 

AVtlAR 

0430.3 

1330.7 

1404.0 

3030.0 

070.0 

304.0 

100.4 

707.6 

14000.3 

MM-am  aaat  04 

•04 

«S4 

•otor 

OrOtnlo 

•oil 

Boot 

Bolt 

a 

1 

1 

riiHi  luro 

Aoa41a>  R 

3144.0 

010.0 

000.4 

1000.0 

303.3 

300.0 

106.3 

-37.1 

0134.0 

ahanaMoah,  VA 

3470.1 

404.0 

730.4 

1400,4 

300.0 

300.3 

41.0 

-330.7 

0103.0 

oraac  aaolcy  MM,  m 

3300.1 

001.4 

431.3 

1400.0 

301. 1 

302.0 

130.0 

104.3 

7300.0 

aitffaio  Mati  a.,  ut 

3043.7 

404.4 

007.0 

3004.0 

004.0 

300.0 

114.0 

342.0 

7004.0 

AVasAR 

3737.0 

743.0 

704.1 

301O.0 

330.0 

332.0 

133.7 

33.3 

0073.0 

112 


Table  A-2.  The  aeroaol  type  coocentrationa  for  each  atation  and  qnarter.  (Ckmtiaiied) 


V.  qi 

•04 

ni4 

wmt^r  orqanie 

•oil 

•oot 

•4lt 

onimown 

rin*  nms 

CIUTn  hkKB,  OK 

a2X.4 

•a.o 

•0.* 

1144.3 

33ft. 3 

333.3 

43.1 

33.3 

3303.0 

nootfv  itxxntK,  va 

»a.i 

147.0 

107, A 

404.4 

344.4 

43,4 

101.3 

334. ft 

1447.0 

UUMBN  VOLCAMIC,  CX 

ao4.i 

7«.S 

43.1 

— 

347.4 

43.4 

37.1 

— 

IftOO.O 

LAVA  BKM,  CA 

aa7»t 

••.a 

•5.4 

34ft. 4 

311.4 

•1.1 

ftft.l 

144.1 

1343.0 

MOftTV  CAACADBA,  MA 

«77.4 

aK4.0 

ia«.3 

3003.1 

344.3 

4ft4.4 

133.3 

1310.4 

4337.0 

OtACZlIt,  NT 

7«4.* 

a»4.3 

107.* 

aa77.4 

331.1 

343.7 

113. B 

330.3 

4»33.0 

CKATIKS  or  NOOK,  ID 

••a. 7 

a€4.S 

a02.7 

aoaa.s 

334.0 

317.3 

47.3 

714.1 

43B1.0 

aSAMD  TVtOlt, 

cat.fl 

aaft.s 

131.* 

3346.3 

140.4 

340.4 

11. t 

lft43.4 

4100.0 

DXl»0«Atnt,  oo 

9ftl.4 

3S4.a 

130.4 

1B33.4 

•34.0 

343.1 

134.4 

441.1 

4334.0 

UOMta  rAMa  oo 

•••«a 

320.7 

117. < 

— 

173.3 

•4.3 

13.4 

3374.0 

ItOCKY  NOONTAXK,  OO 

71«.« 

a«4.7 

•4.a 

743.3 

443.3 

114.3 

3B.B 

-33.3 

3414.0 

90OBtVWLt,  m> 

lft«0.7 

Mft.a 

314.4 

aftft.ft 

474.0 

134.0 

34.3 

503.7 

3434.0 

NZHD  GAVta  SO 

•••.a 

3S*.7 

131.4 

730.0 

411.3 

334.3 

34.0 

43K.O 

3340.0 

Av«rA9« 

7oa.4 

a<4.o 

133.0 

1474.1 

334.4 

314.3 

44.1 

ftl4.4 

3571.4 

tM-irrrti  n.  ii44t  oa 

•04 

Ml. 

Ii4t4a 

Orfttnie 

•oil 

•eot 

••It 

onlmotfft 

rin«  fuss 

OtAtftK  tAKIa  Ott 

S10.4 

in.* 

105.3 

1037,4 

•37,3 

304,3 

55,4 

444.3 

3134.0 

NOOMT  ftAIHXVia  NA 

744.4 

a7,.3 

153.4 

441.7 

377,3 

133.5 

75.0 

343,5 

3455.0 

tAMin  vousAirtCa  ck 

445*4 

a.a.a 

M.4 

557.0 

154.4 

50.4 

3135.0 

LAVA  WRMa  CA 

•44.4 

ao4.a 

113.3 

444,0 

475,5 

X33.4 

100.5 

•04,4 

3354.0 

ftOtni  CAftCADUa  VA 

1113.4 

41*.* 

331.0 

1014.0 

354*4 

314.5 

304.0 

1133.5 

4735,0 

OLACZn#  KT 

403.0 

aoi.i 

145.4 

1143.7 

•44,5 

344.3 

74.4 

574.5 

4554,0 

CKATKM  or  NDOfta  t1> 

417.5 

asB.a 

•4.3 

435,3 

1053,5 

155.1 

45.5 

454.4 

3333,0 

OKAMO  fRUIIa  W 

443.4 

as*. 4 

•4.0 

473,4 

437. • 

153. ft 

54.4 

1141.3 

3554.0 

OXVOftAOta  OO 

434. S 

an. a 

35.4 

343,4 

•35*3 

74,5 

44.4 

735.3 

3104.0 

•KOmia  BAlKa  00 

•14.3 

341.* 

134.0 

••4*3 

435*5 

70.5 

•1.4 

505,5 

37*3.0 

lOCKY  nOONTAZM^  OO 

1000*4 

37*. a 

137.4 

434.5 

744.3 

175.5 

74.3 

553,3 

3730,0 

3004BVILT,  HD 

last.* 

473.1 

353.7 

344,0 

1333.7 

1»4.3 

33.7 

413.1 

4300,0 

WZifD  CAVB,  «D 

iiat.3 

4ai.s 

155.3 

153.3 

734.4 

300,4 

41.4 

1134.3 

;035.0 

AV4V494 

411.6 

30*.  1 

133.3 

444.4 

734.3 

145.4 

73. a 

735.* 

3457.3 

113 


Table  A-2.  The  aeroaol  type  coocentradcms  tor  each  stadcm  and  quarter.  (Coatinoed) 


M.  iMt  0) 

#04 

1014 

1Nlt4T 

0«9*Blo 

Boll 

Boot 

Balt 

OnKnown 

Flno  NaM 

CKXTXIt  LAKE,  OE 

•07.1 

227.7 

129.2 

1477.4 

424.1 

249.4 

•9.9 

437.4 

3494.0 

mum  EAxvzttf  ma 

140A.S 

S24.2 

290.9 

1419.0 

497.4 

291.3 

107.4 

1039.9 

9779.0 

LAMIN  VOtCAMie,  CA 

?Sf.7 

272.4 

100.3 

— 

442.0 

244.9 

114.0 

— 

3424.0 

tAVA  MMr  CA 

MB. 9 

212.2 

114.7 

1494.3 

414.7 

203.4 

102.4 

424.4 

4102.0 

mmm  ckucmuB,  wa 

1440. B 

•40.2 

297.1 

2349.4 

392.4 

224.9 

149.9 

413.7 

4090.0 

tfLACXUt,  NT 

•7B.1 

294.2 

140.0 

2044.9 

1010.9 

240.7 

92.0 

494.9 

9379.0 

atAmA  OF  NOON,  ID 

<a«.4 

236.0 

44.9 

1349. 4 

444.4 

307.9 

27.2 

400,9 

4119.0 

aEAMD  tnON,  NV 

<27.9 

23B.B 

44.3 

1711.1 

430.1 

173.4 

0.9 

735.7 

4001.0 

DINOAATO^  GO 

•71.4 

324.4 

119.4 

990.1 

914.4 

114.1 

90.3 

900.4 

3494.0 

NEOWIWi  PUKt  OG 

•92.4 

33B.O 

122.4 

404.9 

414.4 

111.1 

— 

3974.0 

lOCMV  IIO«INTAXMf  00 

1179.0 

442.1 

142.1 

1294.1 

929.7 

271.9 

23.4 

420.9 

4243.0 

NOOANVtLTa  HD 

1121. a 

424.2 

232.3 

1234.0 

949.9 

203.4 

94.9 

304.1 

4997.0 

NXND  CATS,  SO 

1024.9 

34B.1 

141.2 

1192.4 

412.1 

a24*3 

23.3 

441. 7 

4072.0 

TOVAOBDSS,  NM 

iaOB.4 

4B2.0 

149.7 

1404.0 

999.4 

41.4 

94.2 

417.3 

4940.0 

At«S*9A 

924.2 

344.1 

194.3 

1474.9 

410.1 

219.9 

70.7 

454.1 

4449.9 

M94  mtm  V.  IMMt  #4 

B04 

SB4 

Matn  Orwule 

Bail 

Boat 

Bait 

OnSnawn 

riaa  Naa* 

CIATSB  LAKI,  OS 

307.0 

119.1 

44.4 

1044.1 

230.4 

217.4 

32.0 

124.4 

2199.0 

MOUNT  SAXSXSS,  NA 

434.0 

144.3 

120.9 

933.0 

144.2 

74.0 

33.2 

940.9 

2112.0 

UUUISS  VOLCANIC,  CA 

329.3 

122. u 

47.1 

•• 

244.4 

0.0 

0.0 

— 

1729.0 

LATA  BOB,  CA 

232.3 

124.4 

91.4 

1322.1 

303.4 

119.3 

41.2 

293.3 

2944.0 

MOSTN  CABCABSB,  NX 

431.3 

141.7 

114.4 

2397.7 

103.1 

347.2 

33.7 

1243.4 

4497.0 

OLACXSB,  NT 

749.0 

240.9 

103.0 

3213.7 

314.3 

343.4 

137.4 

1107.1 

9293.0 

CSATSSB  or  NOON,  ZD 

949.4 

221.1 

121.4 

994.4 

294.9 

199.4 

0.0 

323.4 

2744.0 

qSANB  TSTON,  NY 

921.1 

199.4 

107.9 

1429*1 

214.4 

293.2 

0.0 

1493.4 

4399.0 

DXNOBAOB,  00 

•32.7 

312.3 

114.9 

1394.1 

334.7 

244.1 

11.7 

457.4 

3794.0 

MQNNS  BAM,  CD 

•40.0 

319.0 

119.9 

— 

244.3 

49.1 

4.4 

— 

2400.0 

SOCKV  NOONTAXN,  OO 

724.4 

273.3 

100.2 

409.9 

299.4 

72.9 

0.0 

140.7 

2242.0 

SOOBSVSLT,  MD 

1297.4 

444.9 

179.4 

414.7 

421.9 

172.4 

17B-9 

j47.9 

3B39.0 

NXSD  CATS/  BD 

920.4 

349.1 

124.4 

414.1 

339.7 

214.9 

47.4 

341.9 

3190.0 

VOYAOtDSB,  NM 

1790.0 

494.2 

240.4 

•47.7 

342.4 

171.0 

144.x 

42.4 

4137.0 

AvaYao* 

774-1 

290.3 

130.0 

1244.4 

319.7 

192.0 

54.4 

403.2 

3449.9 
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Table  A-2.  The  aerosol  type  concentraticMU  for  each  station  and  quarter,  (t^ontinned) 


m-Nm  a.  mmmt  qi 

S04 

m4 

M.t.r  Or4*nle 

56il 

Boot 

5615 

Otilcno«m 

Fin*  6666 

DKATS  VALLEY,  CA 

4E3.1. 

161.3 

66.4 

405.4 

645.1 

95.6 

261.3 

210.0 

3556.0 

JOEKDA  YEKt,  CA 

<53.2 

244.5 

65.6 

1044.5 

661.6 

166.3 

205.7 

-77.4 

3211.0 

LKBKAJI  CAVES,  NV 

353.3 

147.5 

54.1 

435.5 

432.2 

0.0 

45.0 

-6.6 

1501.0 

EltYCB  cAinfoit,  or 

535.5 

157.1 

72.3 

565.1 

435.3 

11.5 

11.2 

-146.3 

1673.0 

OIUMD  CANyON,  AZ 

516.4 

153.6 

71.0 

552.5 

476.7 

22.7 

34.3 

52.6 

1563.0 

CAKYoirLAim,  or 

•50.1 

333.6 

122.4 

524.3 

466.4 

336.4 

38.5 

256.2 

2673.0 

CBZMXCAaOA,  AS 

1175.6 

440.5 

161.7 

654.6 

647.0 

345.7 

62.2 

-3.5 

3405.0 

KEAA  VtXdB,  CO 

776.3 

251.1 

106.7 

436.6 

612.3 

117.3 

44.1 

156.4 

2543.0 

CSACO  COLTOSEa  IOC 

654.0 

320.3 

117.4 

400.6 

705.4 

154.4 

36.7 

-6.1 

2563.0 

■AUDBLIBK,  RM 

647.5 

317.5 

116.6 

1217.6 

556.1 

330.3 

16.5 

36.7 

3330.0 

OOADALOre  imiAa  TX 

1105.3 

416.0 

153.5 

671.3 

1203.5 

162.6 

51.5 

-70.4 

3756.0 

CAMLn  HTH,  MN 

736.6 

277.1 

101.6 

515.4 

527.7 

72.5 

17.6 

-45.6 

2205.0 

BZO  ABMDa  TX 

1260.5 

472.7 

173.3 

1731.4 

354.7 

136.4 

— 

4651,0 

AVBXAOS 

766.5 

254.5 

106.1 

616.7 

732.5 

136.6 

76.7 

33.4 

2766.5 

M5A-irFP||  5.  Moot  Q2 

504 

MI4 

«4t6r  or5«nio 

soil 

soot 

Bolt 

Dnimotm 

Fino  NA66 

yOEEMZtEa  CA 

345.1 

125.4 

47.5 

1012.1 

460.1 

66.3 

167.2 

-12.6 

2235.0 

DEAn  VALLEY,  CA 

1365.3 

462.0 

176.7 

657.7 

1645.5 

306.0 

386.0 

561.6 

5505.0 

JtOBmOk  TKEE,  CA 

1436.0 

536.5 

157.4 

677.3 

1253.6 

345.6 

372.3 

560.2 

6045.0 

LnXAJf  CAVES,  MV 

753.1 

262.4 

103.6 

416.9 

1023.5 

107,5 

105.5 

616.3 

34X0.0 

UYct  camvom,  or 

635.7 

314.5 

115.5 

342.6 

1015.6 

141.1 

154.5 

637.7 

3566.0 

dEAMD  CAinrOM,  At 

672.2 

327.1 

115.5 

276.4 

1063.0 

136.6 

216.6 

500.0 

3512.0 

CANYOMLAMDS,  OT 

761.7 

253.1 

107.5 

3X5.2 

1047.0 

156.3 

61.4 

551.5 

3336.0 

CEIEZCAMOA,  AS 

1471.4 

551.6 

202.3 

406.6 

1316.5 

265.5 

270.6 

526.5 

5014.0 

MESA  VEEDB,  OO 

533.0 

345.5 

126.1 

405.0 

1112.7 

135.4 

107.6 

463.4 

3656.0 

CSAOO  COLTOEt,  NN 

1014.5 

360.6 

135.5 

446.6 

1330.0 

156.2 

166.1 

316.5 

3567.0 

•AMDBLXtM,  me 

1106.6 

415,7 

152.4 

666.7 

1276.3 

155.6 

126.5 

355.1 

4525.0 

00A0AL05B  IITN5,  TX 

1335.0 

502.1 

164.1 

455.3 

1552.1 

166.7 

160.5 

439.3 

4655.0 

CAFOLtM  NTV,  mt 

1066.6 

406.3 

145.7 

453.5 

1257.3 

149.6 

60.4 

266.5 

3655.0 

5T0  BmD,  TX 

1751,6 

671.5 

246.4 

452.0 

2272.2 

345.2 

347.1 

565.6 

6556.0 

AVEEAOE 

1075.7 

403.4 

147.5 

532.5 

2255.6 

153.5 

156.2 

544.2 

4345.2 

Table  A>2.  The  aeroad  type  coaceattadou  for  each  tUdoa  and  qoartcr.  (Coadoned) 


UM^wnm  a.  NMt  Q3 

•04 

Itt4 

OTTAftle 

Mil 

Ooet 

•lit 

Onknotm 

riM  tiMmm 

yaamin/  ok 

1070.3 

401.3 

147.3 

13S0.4 

•74.0 

327.7 

330.3 

401.  ft 

0310.0 

MAn  VAUaV.  CA 

1M7.S 

MB, 3 

307.3 

1040.3 

•04.3 

377.* 

333.7 

4ao.4 

940ft. O 

JKMRiA  ran,  CA 

1««4.7 

•34.3 

aaa.ft 

1343.7 

741.0 

333.3 

344.3 

043.4 

0743.0 

umAii  cAvn,  MV 

7i3.0 

a«a.« 

107.7 

704*4 

014.4 

133. • 

44.7 

444.3 

3100.0 

aavea  camvon.  m 

••4.3 

373. • 

134.7 

7B0.4 

B«a,4 

140,4 

102. ft 

140.2 

3334.0 

OtAMD  cAmat,  At 

1U7.9 

4it.a 

103.7 

B40.4 

441.0 

13«.4 

111.6 

0ft7.6 

3ft74.0 

•AOOABO,  At 

ait4.« 

•OB.l 

aoft.i 

•40.1 

1104.4 

303.2 

144. 3 

334.9 

0734.0 

CAMvanAina,  or 

1143. a 

434.7 

107.3 

S41.3 

44ft. • 

174.1 

44.1 

414.0 

3407.0 

cantcAaaA,  At 

atic.o 

•43. ft 

340*4 

•43.4 

404. • 

137.1 

104.1 

307.2 

ftftftft.O 

MWA  nina,  oo 

iaii.4 

4B4.3 

140. 4 

••4.3 

470.3 

120.0 

40.4 

431.1 

3031.0 

moo  eOLfOM,  m 

i4oa.i 

tt3B.4 

i«a.4 

703.0 

404.0 

147.0 

44.4 

ftia.o 

4130.0 

aAMMun,  M 

14M.« 

•44.7 

301. ft 

444.1 

473.7 

144.4 

77.4 

4ft4.0 

4ftl2.0 

aoADAton  MMa,  ra 

1900.0 

73ft. O 

34*. ft 

440.4 

1477.3 

334.7 

14B.4 

-34.4 

M41.0 

cuma  mm,  m 

140*. O 

•34.4 

1*3.7 

ftoa.a 

474.1 

103.4 

30.3 

347.7 

Sftftft.o 

na  aam,  n 

aaot.i 

•34.4 

303.4 

314.4 

IftOl.ft 

331.4 

aft*. 4 

440.1 

4041.0 

AvnAoa 

1S07.3 

MB. a 

307.3 

744.4 

434.1 

303.0 

140.7 

440.3 

4443.1 

MMi-«rfM  a.  mmt  o* 

•04 

M4 

N«t«r  ORMile 

•ftil 

•••t 

Oolt 

Onknovn 

Pin*  MM 

waaixra,  ca 

ft4ft.B 

300.7 

70.4 

lftftft.7 

aft4.» 

10ft. 3 

44.1 

301.0 

3430.0 

MAn  vAuuey,  ca 

713.1 

347.0 

•7. ft 

433.ft 

710.0 

71.0 

•4.1 

309.7 

3437,0 

JoaWA  ran.  ca 

43ft. 0 

313.1 

114.4 

4ft7«0 

0»7.0 

170.0 

160.4 

374.0 

33*1.0 

UaHAa  CAVM,  MV 

40ft. 3 

101.# 

ftft.t 

4»*.ft 

340.0 

0.0 

6.7 

-4ft. 6 

1341.0 

nvca  cAMvaii.  r 

0*0.7 

331.0 

•1.3 

430.4 

844.0 

30.0 

16.0 

-31.4 

1434.0 

OMHD  CAMVOM,  At 

713.3 

347,1 

•7. ft 

401.3 

330.3 

10. 0 

lO.ft 

330.3 

3044.0 

aAMCAMC,  At 

1703.0 

•07.0 

340.* 

76*.7 

•17.3 

337.6 

77.3 

-313.7 

4330.0 

CAmoHLAMM,  R 

431.4 

311.0 

114,3 

441.0 

430.4 

170.1 

34.0 

124.1 

3441.0 

cnUCAMOA,  At 

1440.0 

•00.7 

301,0 

140.4 

310.7 

Oft.l 

60.4 

130.4 

3*43.0 

MaaA  vsMM.  oo 

433.4 

313.7 

114,4 

400.7 

340.1 

44.4 

6.4 

-37.7 

3130.0 

1 

f 

11 

i 

•47.0 

370.0 

130.4 

004.7 

414.2 

133.0 

13.1 

-24.3 

3044.0 

atanatin,  mh 

11*7.4 

44ft. 3 

164.7 

440.1 

407.3 

au.3 

41.4 

773.0 

3740.0 

aoJAAUiH  Rraa,  n 

1330.7 

4*0.3 

101,4 

373.4 

410.3 

131.4 

70.4 

-23.0 

3143.0 

CAWniM  im,  MM 

741.3 

374.0 

lOl.ft 

441.4 

343.4 

43.3 

14.4 

-12*. 4 

1403.0 

Bza  BMD,  n 

1000.3 

433. • 

333.4 

333.0 

•00.1 

141.0 

104.4 

lftO.4 

4073.0 

AvnAoa 

ft7ft.2 

340.7 

134.1 

•77.7 

471.7 

111.3 

04.2 

113.4 

3401.4 
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